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The work described in this report was performed by the Tracking and Data 
Acquisition organizations of the Jet Propulsion Laboratory, Air Force Eastern 
Test Range, Manned Space Flight Network, and by the NASA Communications 
Network of the Goddard Space Flight Center. This volume, the fourth in a series 
of four, covers the Tracking and Data System support for (1) the Pioneer ZX 
mission from prelaunch; Le., spacecraft arrival at Cape Kennedy, Fla., October 6, 
1968, through pass 235, June 30, 1969, and (2) the Pioneer E mission from 
prelaunch, July 18, 1969, to the end of the flight, August 27, 1969. Some infor- 
mation is also included on planning activities and the Project background. 

Volumes I, 11, and 111 of this series presented similar documentation relative 
to Pioneer VI, VZZ, and VIII, respectively. For Pioneer VZ and VIZ, the period 
documented was from prelaunch to the end of the nominal mission. For those 
missions, the nominal mission was ended when the data transmission by the 
Deep Space Network 85-ft-diam antenna system exceeded a bit-error rate of 
1 error in 1000. However, because spacecraft trajectories and improved Deep 
Space Network design extended the use of the 85-ft-diam antenna stations beyond 
convenient reporting periods, the term nominal mission, as previously used, was 
not applicable to Pioneers VIZZ and ZX. What would have been the end of the 
nominal mission has been replaced by arbitrarily set dates. 
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The Pioneer I X  mission (inward trajectory and heliocentric orbit) employed 
seven scientific instruments to accumulate information relative to interplanetary 
high-energy particles, solar phenomena, and plasma. The launch vehicle carried 
aloft a "piggyback" satellite called the Test and Training Satellite (TETR) to be 
used for Apollo ground station crew training and mission simulation. The space- 
craft also served as a celestial mechanics experiment reference point. In addition, 
a convolutional coding experiment was conducted. The Tracking and Data System 
(Air Force Eastern Test Range, JPL Deep Space Network, Manned Space Flight 
Network, and NASA Communications Network) tracked the spacecraft from 
launch through the near-earth and deep space phases of the mission. For near- 
earth tracking, all Tracking and Data System facilities responded to the mission, 
launch-vehicle, and range requirements. For deep space tracking, the Deep Space 
Network responded to the tracking, telemetry, command, monitoring, simulation, 
and operations control requirements. 

The Pioneer E mission (near the earth for 900 days, then heliocentric) was 
intended to investigate interplanetary phenomena. After 438 s of %ight on 
August 27, 1969, a destruct signal was transmitted because of a loss of hydraulic 
pressure in the first stage. This was the fifth spacecraft in the second Pioneer 
generation and the only failure (launch vehicle failed). 
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The Pioneer Project was designed and developed to 
collect scientific data relative to interplanetary phe- 
nomena within a region of 0.75 to 1.20 AU from the sun. 
The characteristics of the magnetic field, plasma, cosmic 
rays, high-energy particles, electron density, electric 
fields, and cosmic dust were the phenomena of particular 
interest to the Project. Analyses of the data collected 
through the Pioneer Project have added to the under- 
standing of the mechanisms relating to the propagation 
through space of solar disturbances and the relationship 
between solar and galactic fields. Near-real-time data 
reduction and analyses were part of a Pioneer space 
weather report teletyped regularly to U.S. Space Distur- 
bance Centers. 

In a generation of five flights that began with the 
Pioneer A spacecraft, all except one were successfully 
placed into orbit. Pioneers VI,  VII, VIII, and I X  con- 
tinue to return valuable scientific data at the time of this 
report. Pioneer E was destroyed shortly after launch be- 
cause of a faulty mechanism in the launch vehicle. Pio- 
neer E is covered in Part I1 of this document. (All Pioneer 
spacecraft are first designated by letter and become 
known by Roman numeral only after a successful flight.) 

Unless otherwise stated, all times referred to in this report 
will use the Greenwich Mean Time (GMT) convention. 

A. Tracking and Data Acquisition (TDA) Support 

1.  Near-earth phase. Tracking support of the Pioneer 
VI, VII,  V I I I ,  and I X  missions during the near-earth 
phase (launch until the beginning of Deep Space Station 
two-way communication with the spacecraft) was a func- 
tion of the Tracking and Data system (TDS). This system 
was made up of the Air Force Eastern Test Range 
(AFETR), the Manned Space Flight Network (MSFN), 
the NASA Communications System (NASCOM), and the 
Deep Space Network (DSN). The radars tracked the first, 
second, and third stages of the booster vehicle. Linked 
with central computing facilities as required, they pro- 
vided and processed data in real-time. Acquisition infor- 
mation, parking, and Delta postretro and solar-injection 
orbits were computed on an as-available basis. The Deep 
Space Station (DSS) at Johannesburg, South Africa 
(DSS 51) also furnished near-earth data within the track- 
ing rate limitation of the station. The Deep Space Net- 
work station designations and locations are presented in 
Table 1. The existing AFETR and NASCOM communi- 
cation circuits provided the necessary ground com- 
munications support. 

a. Telemetry datu. The AFETR and MSFN acquired 
VHF launch vehicle telemetry data. The AFETR ac- 
quired S-band spacecraft telemetry data for the missions. 
When available, and within the constraints of excessive 
tracking rates, the Johannesburg station provided S-band 
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Location 

Goldstone, Calif. (Pioneer) 

Goldstone, Calif. (Echo) 

Goldstone, Calif. (Venus) 

Goldstone, Calif. (Mars) 

Woomera, Australia 

Tid bin billa, Austro lio 

Johannesburg, S. Africa 

Madrid, Spain (Robledo) 

Cerebros, Spain 

Cape Kennedy, Fla. 

Ascension Island 

DSS No. 

1 1  

12 

13 

14 

41 

42 

51 

61 

62 

71 

72 

Geodelic 
latitude 

35.38950"N 

35.29986'N 

35.24772'N 

35.42528% 

31.3831 4's 

35.401 1 1 "S 
25.88921 "S 
40.429'N 

- 
28.4871 3'N 

7.95474% 

Geodetic 
longitude 

243.1 5175"E 

243.1 9539"E 

243.20599"E 

243.1 2222'E 

136.8861 4'E 

148.98027'E 

27.68570'E 

355.751 "E 
- 

279.4231 5'E 

345.67242"E 

telemetry coverage. The station at Cape Kennedy, Fla. 
(DSS 71) provided S-band telemetry monitoring from 
launch to loss of signal. The station also provided pre- 
launch checkout and calibration, as well as necessary 
frequency reports. Again, the AFETR and NASCOM 
provided ground communication support. 

Johannesburg (DSS 51), as the initial two-way acqui- 
sition station for Pioneer I X ,  was required to provide the 
two-way S-band operation for at least 4 h after initial 
acquisition to complete the near-earth phase of the sup- 
port. Tidbinbilla, Australia (DSS 42), with Woomera, 
Australia (DSS 41), for emergency, was the backup prime 
acquisition station. 

h. Metric data. The Real Time Computing Facility 
(RTCF) at the AFETR used the best available metric 
data from AFETR radars to compare acquisition data. 
The RTCF converted rada ata to decimal form, trans- 
mitted the data to DSN/SFOF as required, and also 
generated trajectory predictions for Johannesburg and 
Tidbinbilla (when possible). 

All AFETR stations provided launch-vehicle mark 
event reports. The existing AFETR and NASCQM com- 
munication circuits provided ground communication 
support. 

SN flight responsibilities. The DSN had the great- 
est responsibility for the Pioneer flight projects, being 
the principal tracking support throughout the lifetime of 
the missions after the launch. In support, the DSN 
simultaneously performed advanced engineering on com- 

Height above 
mean sea 
level, m 

1037.5 

909.5 

1213.5 

1160 

144.8 

654 

1398.1 

800 

- 
4.0 

526.7 

Geocenlric 
latitude 

35.20805"N 

35.1 1861 O N  

35.06662'N 

35.24376'N 

3 1.2 1 236OS 

35.21 962% 

25.73876'5 

40.238'N 

- 
28.32648'N 

7.89991 ' 5  

Geocentric 
longitude 

243.1 5080'E 

243.1 9445"E 

243.20507'E 

243.1 21 27'E 

136.88614'E 

148.98027'E 

27.68558'E 

355.751 "E 
- 

279.423 1 5"E 

345.67362'E 

Geocentric 
radius, 

km 

6372.0341 

6372.01 7 6  

6372.2599 

6372.1 341 

6372.53 17 

6371.6686 

6375.541 5 

6370.0860 

- 
6373.291 3 

6378.2386 

ponents and systems, integrated proven equipment and 
methods into the network, and provided direct support 
of each Project through the TDS for that Project. 

By tracking the spacecraft, the DSN was involved in 
the following data types: 

(1) Metric: generate angles, one- and two-way doppler, 

(2) Telemetry: receive, record, and retransmit engi- 

(3)  Command: send coded signals to spacecraft to 
activate equipment to initiate spacecraft functions. 

and range. 

neering and scientific data. 

The DSN operation was characterized by six functions: 
(1) tracking, (2) telemetry, (3)  command, (4) monitoring, 
(5) simulations, and (6) operations control. The network 
comprised the Deep Space Instrumentation Facility 
(DSIF), the Ground Communications Facility (GCF), 
and the Space Flight Operations Facility (SFOF). 

eep space phase. The primary DSN stations used 
for the support of all Pioneers remaining within the 
threshold of the 85-ft-diam antenna network were as 
follows: (1) Goldstone, Calif. (DSS 12); (2) Tidbinbilla, 
Australia (DSS 42); and (3)  Madrid, Spain (Robledo) 
(DSS 61). These Deep Space Stations were equipped with 
Pioneer ground operations equipment (GOE), whereas 
the Pioneer stations at Goldstone, Calif. (Pioneer) (DSS 11) 
and Cerebros, Spain (DSS 62) provided support by con- 
necting to Echo and Robledo, respectively, using micro- 
wave links and the multimission support area configura- 
tion. (Pioneer GOE was transferred from Cerebros to 

a 



Robledo in December 1968, reversing the role of the 
stations .) 

The Echo station provided Type I1 orientation maneu- 
ver support. Woomera-not having Pioneer GOE-only 
recorded the received telemetry data for postflight data 
reduction. As had all other DSN stations, Woomera had 
the capability to demodulate uncoded S-band spacecraft 
telemetry up to a bit rate of 256 bits/s using the multiple- 
mission telemetry configuration. All Pioneer missions 
beyond the 85-ft-diam antenna DSN stations are sup- 
ported jointly from the Mars station (DSS 14) at Goldstone. 
The Mars station is equipped with a 210-ft-diam antenna. 

The DSN 85-ft-diam antenna stations gave continuous 
tracking coverage for L +30 days. From LS.31 days to the 
end of the mission, the stations covered two passes each 
day (coverage period 16 h or greater) and at least one 
horizon-to-horizon metric data mission each week (not on 
the same day of the week) for two-way doppler measure- 
ment only. These requirements could be superseded by 
the need to cover specific scientific events. When the 
spacecraft required the 210-ft-diam antenna station, 3 to 
4 h of coverage were provided each day to the end of the 
mission, or as conditions varied, 6 to 8 h each day of 

would have maintained satisfactory tracking and telem- 
etry performance. However, the convolutional coding 
and sequential decoding engineering experiment con- 
ducted with Pioneer ZX resulted in support beyond the 
minimum commitment by the 85-ft-diam stations of the 
DSN. 

With the convolutional coding and sequential decod- 
ing, the 85-ft-diam antenna stations were expected to 
maintain contact with the spacecraft into 1970. This 
change permitted greater use of the 210-ft-diam antenna 
for Pioneers VZ and VZZ, which were beyond the range 
of the 85-ft-diam stations, and also greater coverage for 
Pioneer ZX because of the additional facilities available 
to it. 

Special horizon-to-horizon coverage was provided by 
the 85-ft-diam stations between May 8 and May 15,1969, 
when Pioneer ZX had a zero declination crossing. Analy- 
ses of the data improved the station location solutions for 
the Apollo 11 mission and the Mariner Mars 69 encounter. 

coverage. 
The plans, requirements, configurations, and data and 

performance analyses for the TDS support for Pioneer ZX 
from the beginning of the prelaunch readiness phase 
through launch (November 8, 1968 to June 30, 1969) are 
reported herein. 

The spacecraft telemetry was received and processed at 
the Deep Space Station using the Pioneer GOE. The 
existing NASCOM and Ground Communications Facility 
(GCF) circuits were used for ground communications. 

efinitions and Information Areas 

ion definitions. Previous reports were issued at 
f the nominal mission phase. The nominal 

mission was defined as the period when the DSN could 
receive telemetry satisfactorily using the 85-ft-diam an- 
tennas with a bit-error rate of 1 error or less in 1000 bits. 
When this rate was exceeded, the spacecraft had entered 
an extended mission. 

1. Significant changes 
were no significant changes in Project requirements from 
those for Pioneers VI, VZZ, and VZZI. 

2. Synopsis of significant events. The following signifi- 
cant events occurred: 

(1) Inferior conjunction-syzygy (January 30,1969). 

(2) Solar flares (most active in March 1969). 

vera11 performance of A. The TDA fulfilled all 
of its commitments to the Project for the Pioneer ZX flight 
through the period covered by this report. 

4. Support beyond the minimum commitment. Based 
on past performance by other Pioneer spacecraft and the 
DSN, Pioneer ZX would have passed beyond the capa- 
bilities of the 85-ft-diam antenna stations by May or 
June 1969, and only the 210-ft-diam antenna at DSS 14 

The 210-ft-diam antenna of the Mars station (DSS 14) 
at Goldstone became the tracking instrument for the 
extended mission. Through the use of new engineering 
procedures, Pioneer ZX was expected to remain within 
the capability of the 85-ft-diam antennas into 1970. Thus, 
this report concerns only the first 8 mo of flight. The 
terms nominal mission and extended mission will not be 
used in connection with Pioneer ZX. 

Future reports on the TDS support of Pioneer ZX will 
be issued on an annual basis. 



2. Information areas. This document is primarily con- 
cerned with the activities of the DSN as managed by the 
Jet Propulsion Laboratory, Pasadena, Calif., in support 
of the Pioneer IX flight. Required by the Pioneer Project 
to establish down-link signal acquisition and telemetry 
demodulation not later than L + 1 h, the DSN maintained 
support responsibility throughout the lifetime of all of 
the Pioneer spacecraft. 

acilities and systems. This report includes informa- 
tion on the following facilities, systems, and activities 
(not necessarily in that order): 

(1) Ames Research Center (ARC): manager of Pioneer 

(2) TDA requirements. 

(3) MSFN: managed by Goddard Space Flight Center. 

(4) AFETR. 

(5)  NASCOM: managed by GSFC. 

(6) Mission preparations of participating agencies. 

(7) Tracking operations and related GOE. 

(8) Spacecraft and launch vehicle. 

(9) Flight objectives. 

Project. 

(10) Major events and time of occurrence. 

(11) Spacecraft and scientific test programs. 

Managed by the ARC for the NASA Office of Space 
Science and Applications, the Pioneer Project was sup- 
ported by four major administrative and functional 
systems. These were as follows: 

(1) Launch Vehicle System (LVS). 

(2) Spacecraft System (SS). 

(3) TDS. 

(4) Mission Operations System (MOS). 

o rt 

The TDS near-earth phase support for the Pioneer IX 
spacecraft was furnished by the committed facilities of 
AFETR, MSFN, and DSN. The DSN with the MSFN 
furnished all of the support for the deep space phase. 
The DSN furnished all of the support for the deep space 
phase with the MSFN 85-ft-diam antenna stations pro- 
viding support of the command and telemetry exchange 
when needed because of DSN conflicts or priorities. The 
TDS requirements and support evolve from the demands 

and restrictions of the Pioneer ZX mission, the launch 
vehicle, and range safety. 

Acquisition support was classified by the Pioneer 
Project Office as Class I, Class 11, or Class 111. These 
were as follows: 

(1) Class I requirements reflected the minimum essen- 
tials that ensured the accomplishment of primary 
test objectives that are mandatory and, if not met, 
may result in a decision not to launch. 

(2) Class I1 requirements reflected those needed to 
accomplish all the stated objectives. 

(3) Class I11 requirements reflected the ultimate in 
desired support: such support provided capability 
to achieve objectives earlier in the program than 
required. 

C. Pioneer History 

Pioneer VI, launched December 16, 1965, was the first 
of a second generation of Pioneers. (The last of the first 
generation was Pioneer V, which was launched on March 
11, 1960. Radio communication was maintained with 
Pioneer V until June 26, 1960, when the spacecraft was 
3.75 X loT km from the earth. This established a record 
for long-distance communication that stood for several 
years. Among its achievements, Pioneer V confirmed the 
existence of previously theorized interplanetary magnetic 
fields.) 

Pioneer VI ended its nominal mission on June 16,1966, 
and began an extended mission. Similar to all Pioneers in 
its generation, it was placed in a heliocentric orbit. 
Pioneers I X  and VI were launched to move ahead of the 
earth with increasing time as opposed to Pioneers VIZ 
and VZII, which were launched to move behind the earth 
with increasing time (Fig. 1). The trajectories of Pioneers 
VII and VIII were designed so that repeated measure- 
ments could be taken in the geomagnetic wake. 

All spacecraft equipment and scientific instruments 
aboard the Pioneer spacecraft have continued to operate 
normally through the period covered by this report; no 
malfunctions or anomalous performances affected the 
mission objectives. 

Relative Pioneer spacecraft positions are illustrated in 
Fig. 2. Figure 3 gives the Pioneer I X  fixed sun-earth line 
trajectory. Data on Pioneers VZ through I X  as of July 1, 
1969, are shown in Table 2. 
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y 1969 status of Pioneer spacecraft 

1 PIONEER IX, NOVEMBER 1968 
2 PIONEER VI, DECEMBER 1965 
3 PIONEER VIII, DECEMBER 1967 
4 PIONEER VII, AUGUST 1966 
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Distance from earth, km X loe 

Distance from sun, km X 1 O6 

28.750660 km/s a t  the end of June 1969. There had been a total of 3658 commands and the spacecraft had been tracked for 4569 h. The telemetry bit rate was 64 
bits/s ot the end of the period. 

TE 



ioneer EX fixed sun-eart 

3w 

270" 

240" 
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The purpose of Pioneer IX was to collect scientific data 
on interplanetary phenomena. These phenomena include 
characteristics of magnetic fields, plasma, and cosmic 
dust. The effect of solar and galactic changes on these 
Characteristics was of particular interest. 

The spacecraft carried seven scientific instruments 
weighing less than 40 lb, and was capable of conducting 
nine experiments (Table 3). Thus, after the DSN estab- 
lished two-way lock to make possible the directing of 
commands to the spacecraft, the Pioneer Project mission 
control directed proper orientation of the spacecraft spin 
axis and commanded the spacecraft experiments on. 

With a perihelion of approximately 0.75 AU, the inward 
trajectory of Pioneer ZX was designed to minimize the 
time to superior conjunction and to produce a heliocentric 
orbit with multiple solar occultation characteristics. 

1. Spatia2 probes. The Pioneer mission scientific obser- 
vations provided a better understanding of the propa- 
gation through space of solar disturbances, terrestrial 
phenomena related to such disturbances, and the relation- 
ship between solar and galactic fields. These character- 
istics are influenced by solar phenomena and vary both 
temporally and spatially. On a large time scale, they are 
believed to be influenced by the magnitude of the solar 
disturbances that vary periodically over an 11-yr cycle. 
Because such disturbances are generally localized on the 
surface of the sun, and because the sun rotates, the 
spatial variation is surmised. 

The Pioneer Project was also to determine the temporal 
and spatial variation of the interplanetary phenomena. 
To accomplish the objectives, the spacecraft were 
launched at intervals of approximately 8-12 mo to cover 
the period from near-minimum to maximum solar activity. 
The need to observe spatial effects was the reason for 
launching the spacecraft both ahead of and behind the 
earth. 

etosheath and bow-shock definition. Similar to 
the other Pioneer spacecraft, Pioneer ZX was designed 
for magnetosheath and bow-shock definition and for 
solar-event analysis in general. To perform the magneto- 
sheath and bow-shock definition investigation, the 
Pioneer ZX plasma and magnetometer on-board instru- 
ments had to be operating and the resultant scientific 

Experiment/scientific 
instrument 

Triaxial fluxgate magnetometer 

Quadrispherical plasma 

Radio propagation detector 

Cosmic ray anisotropy detector 

Cosmic ray gradient 

Cosmic dust detector 

Electric field detector 

Celestial mechanics investigation' 

Convolutional coding and 
sequential decodingb 

anaged by 

NASAIARC 

NASAIARC 

Stanford 
University 

Southwest Center 
for Advanced 
Studies 

University of 
Minnesota 

NASAIGSFC 

TRW Systems 

JPL 

NASA~ARC 

Principal 
investigaior 

C. P. Sonett 

J. H. Wolfe 

V. R. Eshleman 

K. McCracken 

W. R. Weber 

0. Berg 

F. Scarf 

J. Anderson 

D. Lumb 

*Required no on-board instrumentation; used two-way doppler tracking os data 

bConvolutional coding and sequential decoding gave capability to transmit coded 
or uncoded telemetry data; transmission of convolutional coded doto provided 
( 1  ) an effective increose in  information communication characteristics in terms of 
spocecraft-earth dirtonce, and (2) an increase in useful range for a given b i t  
rate. Use of the 85-ft-diam antenna stations for Pioneer I X  was extended into 
1970. 

source. 

lata received by L + 3 to 3% h or 8-10 earth radii attitude. 
Pioneer ZX entered the magnetospheric bow-shock bound- 
ary about 8 h after liftoff, and exited during the first pass 
over Goldstone. 

3. Solar event analysis. When a solar event of high 
scientific value occurred (e.g., solar flare, Class 111 or 
above), the spacecraft required continuous tracking 
coverage from 30 to 50 h following the event. Depending 
upon the location and characteristics of the specific event, 
this coverage could be shared by other Pioneer spacecraft, 
as determined by Pioneer Project management at the 
time of the event. 

Traveling to within 70 X loG mi of the sun-closest of 
all Pioneer spacecraft-Pioneer IX observed the quantity 
of solar particles to be almost double that found on the 
earth. 

Solar flares, the most cataclysmic form of solar activity, 
are rapid brightenings observed at the chromospheric 
level in the light of the Balmer red line of hydrogen 
(H-alpha). The Balmer lines are accompanied by other 
prominent lines, such as those of neutral and singly 
ionized iron, and an enhancement of the white-light 
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continuum. Sometimes the flare releases energy on the 
order of ergs distributed over a wide range of elecb-o- 
magnetic and particle radiations. The importance of a 
flare has traditionally been expressed in terms of its area. 
Class I11 designates the largest class of the area of 
the solar disk), and the letters B ,  N ,  or F are appended 
to signify bright, normal, or faint, respectively. Nearly 
all of the great flares are in the Class I11 category. For 
the largest flares, the total optical energy output is about 
%oth of the total energy radiated per second by the entire 
sun (3.8 X ergs/s). The H-alpha burst is accompa- 
nied by prompt ionization, X-rays, and ultraviolet radia- 
tion. Flare surges eject large masses of solar plasma (also 
called solar wind) and are followed by magnetic storms 
on earth. 

All Pioneer spacecraft cooperated to fulfill the require- 
ments of the Pioneer space weather monitoring project. 
The Environmental Sciences Service Administration 
(ESSA) used the Pioneer space weather reports daily in 
its analysis of solar weather at its Space Disturbance 
Laboratory, Boulder, Colo. 

4. Celestial mechanics. The support of the celestial 
mechanics experiment required the two-way doppler 
tracking data of the precision data source of Pioneer, 
with a readout capabiIity of one data sample every 
minute. Accumulated tracking data were required for the 
life of each Pioneer mission. The computer program of 
the experimenter performed a least-squares reduction of 
the tracking-data residuals to obtain design-parameter 
estimates and statistics. The residuals were obtained by 
determining the difference between observed and com- 
puted values of tracking data. The computed values were 
a function of the initial parameter estimates, the inte- 
grated equations of motion, and the lunar and planetary 
ephemerides. Whereas the same S-band doppler data as 
an in-orbit determination of the spacecraft was used, this 
experiment required a priority accumulation of tracking 
data throughout the mission lifetime. The DSN furnished 
the necessary support. 

5. Spin-rate measurement. The measurement of the 
Pioneer ZX spacecraft spin rate (nominal: 60 rev/min), a 
Project requirement, was furnished by JPL once a month. 
The DSN/SDA personnel at JPL were instrumental in 
developing the method of measuring the spin rate using 
the spin ripple of the doppler tracking data. The mea- 
surement could be made only on missions tracked regu- 
larly in a two-way mode. Because the available facilities 
and software were not designed for the spin-rate measure- 

ment, the analysis runs had to’be repeated to acquire 
reliable and acceptable data. 

6. Conuolutional coding and sequential decoding. An 
advanced concept for the DSN spacecraft support was 
tested for the first time during the flight of Pioneer ZX. 
This concept-convoIutiona1 coding and sequential 
decoding-made possible corrected, errorless data flow 
from the spacecraft to the earth with the primary goal 
a coding gain of at least 3 dB for the mission over the 
previous Pioneer missions. 

Through the use of convolutional coding and sequen- 
tial decoding, the spacecraft, upon ground command, 
had the capability to transmit coded or uncoded data. 
The transmission of convolutionally coded data provided 
an effective increase in information-communication char- 
acteristics, or, in terms of spacecraft-earth distance, an 
increase in the useful range for a given bit rate. 

The Pioneer digital communication data source was a 
single pulse-code-modulated bit stream formatted into 
224-bit blocks of data consisting of time-multiplexed 
information from each of the scientific experiments and 
spacecraft engineering data. The pulse-code-modulated 
data were biphase or phase-shift-keyed modulated onto 
a subcarrier, which was phase-modulated with a 0.9-rad 
modulation index, onto a 2292 MHz carrier. The received 
carrier was tracked by the standard Deep Space Station 
phase tracking receivers, and the subcarrier from the 
receiver telemetry phase detector was processed by the 
Pioneer subcarrier-demoduIator/bit-synchronizer units. 

7. Communications satellite. Pioneer ZX carried the 
second Test and Training Satellite (TETR-2), an MSFN 
test and training communications satellite, and success- 
fully placed it into an earth orbit from a piggyback 
location on the second stage. The TETR-2 satellite was 
an 11-in. octahedral Environmental Research Satellite 
(ERS) containing a unified S-band transponder, solar 
cells, batteries, stabilization for attitude control, and VHF 
and telemetry dipoles. The TETR-2 satellite was used 
for S-band system checkout and training exercises with 
the MSFN. 

8. Scientific observations. The DSN successfully sup- 
ported the Pioneer I X  scientific observations. On January 
30, 1969, during the inferior conjunction of the spacecraft 
(a position directly between the earth and the sun), the 
DSN furnished continuous support from Deep Space 
Stations 12, 42, 61, and 62, and the MSFN control room, 
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Pioneer station at Goldstone. No signal dropouts were 
experienced during the predicted 20-h radio blackout 
caused by the close vicinity of the Deep Space Station 
antenna beam to the sun. (The prediction was based on 
the SNR measurements made in 1964 when the space- 
craft was in the close vicinity of the sun. 

a. Sun-earth-spacecraft angle. The telemetry bit rate 
used during the closest approach to the sun was 64 bits/s, 
with a system noise temperature of 700°K. At this closest 
point, the heliocentric sun-earth-spacecraft angle was 
0.78 deg. The assumption was that resurfacing of the 
85-ft-diam antennas improved the sidelobe performance 
and resulted in the success of the antenna in picking up 
less noise from the sun than in 1964, when the old 
antenna surfaces were in use. 

The collection of uninterrupted telemetry and precision 
two-way tracking data during sun-spacecraft-earth 
syzygy of Pioneer I X  made possible a detailed analysis 
of the fields and particles traveling from the sun toward 
the earth (at an approximate distance from the earth of 
1.7 X lo7 km). 

b. Solar activity. Solar activity was at a high level 
during most of March 1969, with numerous small flares 
occurring. On March 30, 1969, after the most active of 
the flare regions had rotated behind the west limb of the 
sun and could no longer be observed from the earth, 
there occurred the largest 10-cm radio burst in the corona 
ever recorded by terrestrial radio telescopes. Within 2 h, 
the cosmic-ray instruments aboard Pioneer I X  (also 
Pioneers VI and VIZI and the earth satellites) were 
recording a marked increase in the intensity of low- and 
high-energy protons. From these measurements, it was 
assumed that a large solar proton flare had occurred on 
the far side of the sun. During this time, the neutron 
monitors on earth showed a slight enhancement with 
gradual onset, so the effects at the surface of the earth 
were slight. A day later, cosmic-ray instruments aboard 
Pioneer VI1 showed increases in intensity. 

The particle detectors aboard Pioneer I X  (also aboard 
Pioneer VZZI and the earth satellites) began to indicate 
reduced intensity within a few days after the March 30 
event. During the period from March 31 through April 9, 
solar activity on the visible side of the sun, as recorded 
by terrestrial observatories, was at an extremely low 
level, with only minor subflares reported. 

By April 10, the active region that had produced the 
earlier proton flare had rotated on the far side of the sun 

to a position of about 20 deg behind the east limb. 
On this date, it again erupted, producing a large proton 
flare. Within a half hour, cosmic-ray intensities recorded 
by Pioneers VI and VI1 jumped by more than an order 
of magnitude, but the instruments aboard Pioneers VI11 
and I X  and those on the earth showed essentially no 
change. 

Two days later, cosmic-ray detectors aboard Pioneers 
VIIZ and I X  and those on the earth satellites were indi- 
cating large increases in proton intensi-ties, and protons 
began showering into the region of the polar caps of the 
earth. By April 13, severe polar-cap absorption was in 
progress, and the geomagnetic field was moderately 
disturbed. Radio communications in the arctic regions 
became virtually impossible for almost a week as this 
solar proton storm ran its course. 

These scientific observations have contributed to the 
progress toward near-real-time distribution of space 
weather data. Also, metric data from Pioneer I X ,  along 
with data from the other spacecraft in the series, have 
provided improved navigational accuracy for Apollo and 
Mariner spacecraft. From the individual spacecraft data 
and correlation of data from all or part of the spacecraft, 
the varying plasma ion content, plasma angular distri- 
bution, plasma-temperature anisotropy, and cosmic-ray 
anisotropy have been researched. 

. Spacecraft 

1.  General requirements. The Pioneer spacecraft gen- 

(1) Provide a stable platform on which to mount scien- 
tific instruments to measure interplanetary phe- 
nomena at distances up to 7.5 X lo7 km from earth. 

(2) Provide a capability for the instruments to scan 

eral requirements were the following: 

360 deg in the plane of the ecliptic. 

(3) Provide a magnetically clean spacecraft with a field 
G) at the mag- strength of less than 1 y ( y  = 

netometer. 

(4) Operate in space for at least 6 mo. 

(5)  Weigh less than 150 Ib (including scientific instru- 

(6) Provide a thermal environment favorable to the 

ments). 

operation of the on-board equipment. 

(7) Provide a data system to sample readings from the 
instrumentation and transmit the information to 
earth. 

10 



(8) Provide a command system to permit changes in 
operating modes of on-board equipment by ground 
command. 

SOLAR SAIL 

HIGH- AND 
LOW-GAIN 
ANTENNA 

The weight limitation and the requirements for flight in MAGNETOMETER 
EXPERIMENT interplanetary space were comp?tible with the perfor- 

and overall profile were also compatible with the fairing 

rigidity requirements to withstand the vibration and 
acceleration loads of the launch vehicle. 

mance of the Delta launch vehicle. The spacecraft size ANTENNA STRUTS 

of the launch vehicle. The structure met the strength and 
WOBBLE DAMPER SUN SENSORS 

ORIENTATION 2. Subsystems. The telemetry and command communi- 
cation subsystems were compatible with the DSN require- 
ments and the need for long-distance communication. 
The communication subsystem operated at S-band fre- 

INSULATION BAND 

SOLAR ARRAY STANFORD ANTENNA 

quencies. When the subsystem operated in a coherent 
mode, the frequency transmitted from the spacecraft was 

EQUIPMENT PLATFORM 

THERMAL LOUVERS 

a fixed ratio of that received by the spacecraft. As a 
result, accurate doppler measurements could be made so 
that the spacecraft velocity relative to the earth, and 
hence the trajectory, could be determined. The telemetry 
communication subsystem also operated at a frequency 
governed by an on-board oscillator to provide for the 
occasions when the ground stations were not transmitting 
to the spacecraft or when the doppler measurements 
were not required. 

PIATFORM STRUTS PNEUMATIC BOTTLE 

INTERSTAGE 

ment. Figure 5 is a simplified block diagram of the 
spacecraft. 

Power to the scientific instruments was supplied di- 

3. Pioneer IX spacecraft. The Pioneer I X  spacecraft 
was a cylinder 35.14 in. high and 37.30 in. in diameter 
with a weight of 148 lb, including 39.5 Ib of experimental 
equipment. Constructed principally of durable, light- 
weight aluminum, the spacecraft contained five basic 
subsystems : thermal control, orientation control, com- 
munications, data handling, and power supply. Figure 4 
shows an exploded view of Pioneer I X ,  which is made up 
of 56,000 parts. 

_ -  
rectly from the spacecraft primary bus; therefore, each 
instrument has its own converter. Power to all instru- 
ments was turned off by a single ground command; each 
instrument could be turned on individually by ground 
command. The power required for the instruments, when 
one plasma detector was operating in its low-power 
mode, was 9 W; when in the high-power mode, 18 W was 
required (approximately 18 and 35%, respectively, of 
the total Pioneer I X  power). 

a. Power supply. Electrical power was provided by a 
solar array consisting of 10,368 N-P type solar cells 
mounted on the outer surface of the cylindrical space- 
craft body. Altogether, the solar cells could generate 
80 W of power at the distance of the earth from the sun 
and more when nearer the sun. A narrow, circular band 
divided the solar array and contained apertures for 
experiment viewing and orientation sun sensors. 

During the launch and initial orientation phases, power 
was provided by a rechargeable battery that was also 
used throughout the remainder of the mission to provide 
peak power requirements for the instruments and equip- 

b. Orientation and thermal control. The spacecraft 
had three radial booms 5 ft, 4 in. long; an antenna mast 
on the cylinder axis at the forward end of the spacecraft; 
and an antenna system at the aft end of the spacecraft 
for use in the Stanford University scientific experiment. 
Except for a small viewing band provided for the scien- 
tific instruments, the curved surface of the cylinder was 
covered with solar cells to supply the on-board power. 
Within the cylinder was a single platform on which all 
of the electronic equipment for the spacecraft and scien- 
tific instruments was located. Thermal louvers aft of the 
equipment platform covered a portion of the platform 
area and controlled the amount of heat radiated from 
that surface. These components are shown in Fig. 6. 



r------------ -l---1 
I 

I 
I 
I 

I v i  



ecliptic plane, and the earth and the spacecraft were in 
the ecliptic plane, there was assurance that the earth 
would be illuminated by radiation from the spacecraft 
without a separate antenna-pointing system. 

. Launch Vehicle 

The three-stage, thrust-augmented improved Delta 
(DSVSE) of Pioneer I X  had three attached solid- 
propellant motors to augment the first-stage thrust. The 
components of the Delta 60 and their principal dimen- 
sions are shown in Fig. 7. 

. diom 

ORIENTATION 
NOZZLE 

LAUNCH 
FLIGHT CONFIGURATION b CONFIGURATION 

ig. 6. Pioneer spacecraft configuration 

The booms could be folded against the antenna mast 
and the Stanford antenna against the cylinder so that the 
spacecraft could fit within the launch-vehicle fairing. 
After separation from the third stage, the booms and 
the Stanford antenna were automatically deployed. The 
three booms augmented the spacecraft moment of in- 
ertia about the spin axis to achieve the gyroscopic sta- 
bilization required for the mission. 

For magnetic cleanness, the magnetometer was placed 
at the end of one of the booms, as far as possible from 
the spacecraft equipment that induced magnetic fields. 
(Magnetic-compensation design techniques were also 
used.) Another boom had a nozzle that, as part of the 
nitrogen gas jet system, provided the torque for attitude 
control of the spacecraft. The third boom had a wobble 
damper at its end. The wobble damper consisted of two 
small balls floating inside a fluid-filled cylinder. Friction 
of the balls moving through the fluid converted the 
kinetic energy of the wobble to heat, which was dissi- 
pated into space. The wobble resulted from the single 
cold gas jet, which operated in brief spurts during power- 
ing orientation maneuvers. 

c. Communications. To provide the required com- 
munication capabilities within the constraints imposed 

a high-gain antenna with a disk-like pattern axially 
symmetric with respect to and perpendicular to the spin 
axis. Because the spin axis was perpendicular to the 

by the electrical power subsystem, the antenna mast was 11.70 in. 

3 
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1. First stage. The first stage of Pioneer I X  was a 
modified liquid-propellant MDAC Thor booster, powered 
by a Rocketdyne MB-3 Block I11 engine system. The 
engine system was rated at 172,000 lbf thrust at sea level, 
and it was augmented by three Thiokol solid-propellant 
motors, each of which was rated at 52,000 Ibf thrust at 
sea level. The liftoff weight was approximately 150,000 Ib, 
and the liftoff thrust was 325,000 lbf. Of the latter, the 
Thor supplied -175,700 lbf. The fuel was RP-1 kerosene 
and the oxidizer for the Thor stage was liquid oxygen. 

2. Second stage. The second-stage thrust was supplied 
by a pressure-fed Aerojet General Corporation AJ10-118E 
liquid-propellant propulsion system. The weight at igni- 
tion was approximately 14,000 lb. The thrust was rated 
at 7800 lbf in a vacuum. The fuel was unsymmetrical 
dimethylhydrazine (UDMH) and the oxidizer was in- 
hibited red fuming nitric acid (IRFNA). 

3. Third stage. The launch vehicle could delay third- 
stage ignition until 1800 s after second-stage cutoff. 
During this coasting phase, an on-off type nitrogen gas 
jet, using four solenoid-operated jets radially mounted 
on the aft end of the second stage for pitch and yaw 
control, plus four jets during second-stage powered flight 
for roll control, were available. The nitrogen gas was 
that previously used to pressurize the fuel tanks. 

The third-stage propulsion was provided by a UTC 
FW-HD solid-propellant rocket motor. The weight at 
ignition including the spacecraft was about 735 lb. The 
thrust was 6000 lbf at 100,000-ft altitude. The spacecraft 
was mounted on an X-258 motor. 

characteristics of solar occultation (spacecraft eclipsed 
by the sun). At L+770 days, the spacecraft was to reach 
solar occultation. An early prediction of possible mul- 
tiple occultation was not fulfilled. 

Prior to and following the superior conjunction, 
Pioneer I X  was to perform the analyses of the solar 
corona and the solar atmosphere near the solar disk as 
the spacecraft was occulted. Near-continuous coverage 
within the capability of the 21043 diam antenna of the 
DSN was required from October 1970 to January 1971. 
Actual dates were obtained as a result of orbit deter- 
mination from two-way doppler tracking. Continuous 
support was provided January 30, 1969, during the in- 
ferior conjunction. For lunar occultation, Pioneer I X  
required 24-h continuous tracking coverage from 
syzygy -5 days to syzygy +15 days. 

2. Launch block study. The Pioneer I X  launch block 
study had produced a series of three blocks, with a mini- 
mum daily window of 30 min and a maximum deviation 
in perihelion of +0.005 AU. Block I ran from August 21, 
1968, to October 8, 1968; Block 11 ran from October 3, 
1968, to November 15, 1968; and Block I11 ran from 
approximately November 10, 1968, to December 3, 1968. 
The objective was to achieve a heliocentric orbit with a 
nominal perihelion of 0.76 AU, an inclination of 0.00 deg, 
a lunar occultation, a launch azimuth of 108 deg, and to 
maximize the time interval of the spacecraft close to the 
superior conjunction. 

To achieve the planned heliocentric orbit for Pioneer I X ,  
the guidance system of the launch vehicle provided both 
inertial and radio guidance. The first and second stages 
were inertially guided by precise preprogrammed auto- 
pilots. In addition, for trajectory refinements, a ground- 
based guidance system was used during the first- and 
second-stage powered flights. The second-stage autopilot 
supplied five discrete steering commands and six flight 
sequences. The third stage was spin-stabilized before 
firing and had a fixed direction in space. 

The DSN for the Pioneer Project for a 
medium accuracy solar orbit based upon two-way track- 
ing data received from the Deep Space Stations. The 
minimum accuracy required of the Pioneer I X  was as 
follows : 

(1) Injection: 10 km and 2 Hz, two-way doppler. 

(2) Injection +10 days: 200 km and 5 Hz, two-way 
doppler. ess 

(3) Injection +180 days: 1000 km and 5 Hz, two-way 
doppler. 

Prelaunch preparation began October 6, 1968, upon 
arrival of the Pioneer spacecraft at AFETR. Approxi- 
mately 20 working days were required to set up the 
spacecraft and to begin system tests. The launch vehicle 
had been erected on September 1, 1968. The spacecraft 

ajectory. The Pioneer I X  trajectory (Fig. 8) was 
designed to minimize the time to reach superior con- 
junction (a position directly behind the sun in relation 
to the earth) and to produce a heliocentric orbit with 



was integrated with the third stage, and then the third- 
stage-spacecraft combination was placed on launch (Format C) and a data rate of 64 bits/s. 
pad 17-B. 

with the telemetry system in the engineering data format 

The DSIF-spacecraft system compatibility test was 
performed in conjunction with DSS 71, Building AM, 
and JPL/SFOF to establish RF compatibility of the 
Pioneer spacecraft with a typical Deep Space Station. 

1. Operational readiness test. Two operational readi- 
ness tests were performed to assure the proper interface 
timing of all elements and procedures of the space flight 
operations team. All procedures used were those derived 
to support a nominal flight mission. Following the oper- 
ational readiness tests and the final launch operation 
checks, a launch readiness review was conducted where 
all areas of responsibility for the launch operations and 
the space flight operations were represented. The pur- 
pose of this meeting was to review the readiness of all 
elements of all operations to support a launch and to 
provide the mission director with background for his 
decision of go or no-go. 

The initial activity at JPL/SFOF consisted of estab- 
lishing and checking voice and teletype circuits, and the 
assessment of spacecraft condition with particular empha- 
sis on the rest frequencies of the receiver and transmitter, 
and the initializing of all computer facilities. A sequence 
of significant prelaunch events follows: 

(1) July 10: final experiment calibration. 

(2) July 25: FPAC' acceptance at SFOF. 

(3) August 2: SPAC2/SSAC3 acceptance at SFOF. 

(4) October 2: receive EGSE4. 

(5)  October 6: receive spacecraft at AFETR. 

(6) October 9: SFOF integration 2. 

(7) October 23: mate spacecraft third stage to DeZta. 

(8) Ortnher 24: operational readiness test 1. 

(9) October 31: operational readiness test 2. 
Following the final operational readiness test, Deep 

Space Stations 51, 42, 62, and 12 underwent Pioneer con- 
figuration control. 

(10) November 5: Countdown initiation. 

(11) November 7: third-stage servicing. 

2. Countdown. During the countdown, the Deep Space 
Stations calibrated the station and mission-dependent 
equipment. Also, during the countdown, the spacecraft 
was supplied with external power to conserve the space- 
craft battery in case of orientation difficulties after in- 
jection. The spacecraft was put on internal power 
(battery) exclusively at L-5 min. Because of the neces- 
sity to conserve battery power, the spacecraft was 
launched with all travelling-wave tubes (TWTs) off. Dur- 
ing the final stages of the launch operations countdown, 
the transmitter driver was commanded to low-gain an- 
tenna 2 for the transmission of telemetry data. Spacecraft 
receiver 2 was commanded to low-gain antenna 2 for 
receiving commands, and the receiver and transmitter 
driver were set for operation in the coherent mode. The 
undervoltage protection system was disabled so that the 
TWT would not be disconnected from the bus when, 
because of insufficient power from the solar array, the 
voltage dropped after the TWT had automatically turned 
on at separation of the spacecraft from the launch ve- 
hicle. The equipment converters were operating, but the 
power for the orientation electronics was off. 

Since scientific instruments are not required to be on 
during the launch phase, the spacecraft was launched 

(12) November 7: second-stage propellant servicing. 

(13) November 7: first-stage fueling. 

(14) November 8: tower removal. 

(15) November 8: LOX fill. 

. Preflight Tests 

SN system readiness test. The Cape Kennedy 
(Building AO) communications and operations personnel 
participated in the DSN system readiness test on Oc- 
tober 14, 1968. The purpose of this test was to exercise 
the data flow paths to be used in future tests and the 
launch. The simulated tracking data, prepared earlier 
by the RTCF at AFETR, were transmitted from the 
Building A 0  communications center. The DSN spacecraft 
telemetry data were h c k  fed from the SFOF to Build- 
ing AO. The problems encountered during this test were 
of a minor nature and were corrected by the operational 
readiness test of October 24, 1968. 

'FPAC = flight-path analysis and command. 

"PAC = spacecraft performance analysis and command. 

W A C  = space science analysis and  command. 

'EGSE = electronic ground support equipment. 
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2. compatibility tests. On October 16, 1968, 
with the spacecraft in Cape Kennedy Building AM and 
the roof antenna directed toward DSS 71, Merritt Island 
telemetry station (Tel 4) locked its data receiver on the 
spacecraft signal and recorded the 2048-Hz subcarrier. 
Data from this magnetic tape was successfully received 
during the following week by DSS 71. 

(5)  Titles of the orbital elements messages were wrong 
(e.g., Postretro appeared on some). 

b. M S F N .  The simulated data from the Ascension 
USB site were for the Delta second stage instead of the 
pioneer spacecraft. ~ l ~ ~ ,  the times were in ground 
elapsed time instead of GMT. 

During this same interval, with the spacecraft on the 
launch pad, Tel 4 reacquired the spacecraft signal. The 
station then transmitted the 2048-Hz subcarrier via a 
wideband line to Building AM where the telemetry was 
successfully recovered. These compatibility tests verified: 
(1)  the R F  interface between the AFETR and the space- 
craft, (2) the data record and recovery capability between 
the AFETR and the range user, and ( 3 )  the real-time 
data transmission interface between Tel 4 and Build- 
ing AM. 

Although the Pioneer Project had requested magnetic 
tape originals recorded at 60 in./s, it was learned during 
the compatibility test that AFETR planned to provide 
60.in./s dubs made from originals recorded at 30 in./s. It 
was subsequently decided the AFETR method was 
acceptable. 

3. Operational readiness tests. An operational readiness 
test, the first in preparation for launch, was performed on 
October 24, 1968. Elements of the AFETR, the MSFN, 
and the DSN participated in this test. A launch of No- 
vember 6, 1968, with a liftoff of 0947 GMT on a launch 
azimuth of 108.0 deg was simulated. Pioneer Project 
personnel participated from Cape Kennedy Building AE 
Mission Director’s Center (MDC). The near-earth TDS 
experienced several problems during this test. The more 
significant ones are summarized as follows : 

a. AFETR RTCF 

(1)  The heliocentric orbital parameter message was 

(2) Orbital elements, predicts, and I-matrices were de- 

(3) Computed data messages lacked end of message 
(EOM) coding. Previous launch support had in- 
cluded this item. 

(4) In the preparation of predicts for DSS 51, the 
wrong antenna type was used-az-el instead of 
hour angle-declination (HA-dec). 

not provided. 

livered late. 

c. DSN 

(1)  The DSS 51 tracking data handling subsystem 
punch test sent to Building A 0  was a moving point 
rather than a static point. 

(2) The message sent to update the inputs to the 
AFETR predicts was lost because it was addressed 
to GKYA, the spacecraft science telemetry line. 
The final update message, which was due before 
T-0, arrived at T f 6  min. 

(3)  Miscellaneous problems were encountered with 
t b  wice levels in the cross-country communica- 
tion nets. 

4. Correctional measures. As required, the necessary 
correctional measures were coordinated with each 
element. 

a. Test resumption and count. Because of the problems 
experienced during the operational readiness test of 
October 24, the test was rescheduled for October 28, 
with the AFETR and the MSFN participating. In this 
second test, trouble was encountered in transmitting the 
parking orbit elements that arrived late at Building A 0  
and the EOMs were still missing from the data. Power 
and air-conditioning problems were reported by the 
RTCF at T+63 min. Because of the poor plus-count, 
the test was recycled to T - 5  min and held until the 
RTCF was fully operational. 

The count was resumed at T - 5  min; however, at 
T - 3  min, the RTCF 3600 computer was not ready to 
operate. The test was again recycled to T - 5  min, and 
held for 168 min until the computer was ready to oper- 
ate. The problem with the computer was thought to be 
in the hardware interface with the communications lines. 

After resuming count, it was necessary to shorten the 
plus count because of other scheduled use for the RTCF. 
This run proceeded smoothly, with all computed items 
except the heliocentric orbital parameter message 



delivered on time. The heliocentric orbital parameter 
message was not provided, and the EOMs were again 
missing. 

The format of the Ascension USB site data was also 
questioned because of the presence of zeros instead of 
spaces in the last two characters; however, it was later 
determined that this was acceptable. 

b. Outstanding problems. The main problems from 
this test were as follows: 

(1) Nonavailability of the heliocentric orbital param- 
eter message. 

(2) Absence of EOMs on the predict and I-matrix 
messages. 

(3) Difficulty in evaluating the Ascension USB site data. 

Since the delivery of the data was good, no additional 
tests were scheduled prior to the test on October 31, 1968. 

c. Final operational readiness test. For the final oper- 
ational readiness test, the voice nets were initially estab- 
lished with levels considered adequate, but as the test 
progressed there were reports of sound levels that were 
too high. These problems were corrected. The tracking 
data handling subsystem (TDH) punch tests from the 
DSN were satisfactory. The address GKYA still appeared 
in the routing indicator for the update to the AFETR 
predicts message; however, a proper heading of GKAP 
was used as well. 

At T - 5 min, the Superintendent of Range Operations 
(SRO) reported that another test required the use of the 
radars at Ascension and Pretoria as well as the data lines 
to Cape Kennedy. There was no hold; the test progressed 
and was reasonably successful. The simulation condi- 
tions were the same as those used on the first operational 
readiness test. Because of the conflicting requirements of 
the test, the communication line assignments between 
Building A 0  and the RTCF were not necessarily valid. 

The first set of predicts transmitted for DSS 51 was 
garbled. The set was retransmitted later. The garbling 
occurred between Cape Kennedy and GSFC, but the 
cause was never clearly established. The RTCF also 
experienced problem computing an orbit using the DSN 
data. The EOMs were provided during this test; how- 
ever, the heliocentric orbital parameter message was 

again missing. Retransmission of the vehicle telemetry 
data from downrange to Building AE was exercised suc- 
cessfully. Although problems were encountered, no fur- 
ther testing was scheduled prior to launch. 

unch phase of any 
space mission (from launch to the initial Deep Space 
Station acquisition), several events occur which have a 
major influence upon mission success. Examples are 
powered flight and separation events that lead to the 
injection of the spacecraft into its deep space trajectory 
and the subsequent final separation of the spacecraft 
from the launch vehicle third stage. Information gathered 
from tracking and telemetry during the period of these 
events was used to continually evaluate and update the 
status of the flight. 

Acquisition support by the AFETR was important to 
the successful initial acquisition by the first-viewing 
committed DSN station. This AFETR acquisition support 
effort was primarily directed toward evaluating the per- 
formance of the launch vehicle including the third-stage 
burn because the DSN acquisition occurred subsequent 
to the third-stage burn. In addition to being vital to the 
acquisition effort, the near-real-time evaluation of 
the launch vehicle performance was of concern to space- 
craft operations personnel. For example, if the launch 
vehicle performance had been nonstandard during any 
portion of powered flight, early indication of the degree 
of abnormality of the flight would have presented an 
opportunity to change the command sequence of the 
spacecraft event to meet flight test objectives. 

2. Evaluation methods. There were two general meth- 
ods of evaluating the launch vehicle performance in 
near-real-time. One method involved comparing the 
actual mark times of the significant launch vehicle events 
from telemetry with the predetermined nominal times 
and analyzing the differences. This method called for 
general evaluation of all available telemetry. The second 
method required metric data in order to calculate the 
resultant trajectory subsequent to the first- and second- 
stage burn. A comparison of the actual trajectory with 
the anticipated nominal gave an evaluation of the launch 
vehicle performance. By employing both of these methods, 
one could be used to determine the validity of the con- 
clusions derived from the other. 
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Actual launch vehicle mark times for the Pioneer 
launches were determined by the AFETR from telemetry 
received at their sites and reported by the SRO over 
the AFETR communications network matrix operating 
programming system. In the launch vehicle telemetry 
laboratory, the telemetry data were analyzed and the 
mark times were validated. The mission analyst also 
provided current reports to JPL regarding the launch 
vehicle performance based on all information available 
to him in real-time including the mark times. 

The accuracy to which the first and second stages 
injected the combination third stage-spacecraft into the 
parking orbit was evaluated by tracking the Delta-stage 
C-band beacon by the AFETR and the MSFN radars 
subsequent to injection into the parking orbit. Based on 
this tracking data, trajectory calculations performed by 
the AFETR at the RTCF established the degree of nor- 
mality of the parking orbit. The flight path analysis 
group at the SFOF made this evaluation after receiving 
the parking orbit elements and the injection conditions 
from the RTCF. Determining the performance of the 
third stage by the AFETR in near-real-time was a much 
more difficult task since this stage was not equipped 
with a radar tracking beacon. Two methods were con- 
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ceived, however, which provided some indication of the 
third-stage ignition and bum duration. One method 
involved examining the doppler in the RF  signal on the 
carrier of the spacecraft S-band telemetry. The second 
method depended upon receiving a signal from the bea- 
con installed on the third stage and retransmitting this 
signal for display and analysis of the doppler frequencies. 

The overall near-earth TDS support requirements are 
shown in Table 4; the near-earth TDS Glass I require- 
ments are illustrated by Fig. 9. 

The minimum requirement for tracking coverage5 
was from SECO to SECOf60 s. Since SECO was con- 
sidered as the injection point into the parking orbit, this 
tracking coverage constituted 60 s of the parking orbit. 

The Class I C-band, VHF, and S-band overall tracking 
coverage requirements during the Pioneer I X  mission 
near-earth flight phase are presented in Table 5 and 
illustrated in Fig. 10. 

1-2 min to SECO 

Third-stage spinup through third-stage 

Spinup-30 s through spacecraft separation 

pinup to third-stage-spacecraft 

aA Class I I  requirement, but shown here because of its relative importance. 

t 

Pioneer Project requirements for metric data during 
the near-earth phase were for information to establish 
the orbit and normalcy of spacecraft solar injection in 
real-time as well as for launch vehicle evaluation. These 
were obtained by tracking the third stage. Since the 

6AFETR Project Requirements Document 2500. 
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separation velocity was small, tracking of the third 
stage, both prior to and subsequent to separation, had 
great value in determining an early orbit. 

The metric data supplied by the uprange AFETR 
and the MSFN radars were processed by the RTCF at 
AFETR. The station predicts were generated in real-time 
for the AFETR, MSFN, and Deep Space Stations farther 
downrange. In addition, the AFETR forwarded metric 
data directly to the GSFC for use in generating prediction 
data for the MSFN stations. These data were also re- 
.layed to the SFOF at Pasadena for use with the Deep 
Space Station data in calculating the spacecraft orbit. 
The AFETR retransmitted its raw metric data and that 
of the MSFN stations to the SFOF in near-real-time. 

f R  

1. C-band tracking. The AFETR configured its radar 
support of the launch vehicle so that each radar was 
assigned to track a specific beacon and would switch to 
the other beacon only if its assigned beacon was not 
trackable. 

The third-stage tracking was to be committed since 
the antenna patterns for the third-stage beacon were 
reliable when a correction in antenna gain was included. 
However, a portion of the Ascension radar commitment 
and all of the Pretoria commitment were best obtainable 
because the expected signal strength was low. 

The Pretoria was requested to provide support until 
L + 70 min, unless ' released earlier. The RIS Twin Falls 
was not configured for radar support because there was 
enough coverage overlap provided by the land-based 
stations. All Class I and I1 C-band requirements were 
expected to be covered by this support configuration. 

2. Computed data. The RTCF was configured to pro- 
vide the computed data requirements. (See Table 4.) The 
computation of the heliocentric orbital parameters was 
to be on a limited commitment basis because of lack of 
program certification. The RTCF also was to provide 
the MSFN with the acquisition data in the form of inter- 
range vectors and look-angles for Ascension, Tananarive, 
and Carnarvon to assist them in meeting their support 
requirements for second-stage and spacecraft track. 

Data either from Grand Turk or Antigua were to be 
used for computing the parking orbit elements. Ascension 
data were to be used for computing the solar orbit. It 

i 

was also planned to use any available data from the 
MSFN USB site at Ascension for an additional solution. 

The S-band tracking data from the DSN also were to 
be used to determine a spacecraft orbit and predicts if 
required. 

telemetry. The VHF telemetry support was 
configured to give near-continuous coverage from liftoff 
through third stage-spacecraft separation. A small gap 
was predicted in the third-stage coverage (256.2 MHz 
link) during the coast phase. Also, a 30-s gap between 
the Ascension set and Pretoria rise was predicted for the 
234.0 MHz link of the second stage. 

The Twin Falls and the Coastal Crusader were to sup- 
port in the area between Antigua and Ascension. Their 
test-support positions were: RIS Twin Falls-2"N lat, 
33.6"W lon; RIS Coastal Crusader-3.2"S lat, 27"W lon. 

Real-time retransmission to Cape Kennedy of second- 
and third-stage telemetry was to be accomplished by 
Antigua. Ascension and the RIS Twin Falls were to re- 
transmit selected channels from the second- and third- 
stage telemetry links in real-time. 

4. S-band telemetry. In addition to the recording of 
data at the stations (see Table 4), the AFETR telemetry 
station (Tel4) on Merritt Island was to retransmit space- 
craft telemetry in real-time. These data were to be routed 
to the spacecraft test area during the launch phase and 
first pass. 

E. 

1.  C-band tracking. The MSFN was configured to pro- 
vide C-band tracking of only the second stage. This was 
to be accomplished by Tananarive, Carnarvon, and 
Hawaii. The data were to be used at GSFC, and were 
not to be transmitted to the AFETR. 

2. Computed data. The GSFC data operations branch 
was to generate and transmit 29-point acquisition mes- 
sages based on inter-range vectors provided by the 
AFETR RTCF to Ascension, Grand Canary Island, and 
Merritt Island unified S-band sites for use in the support 
of the S-band correlation test. The second-stage tracking 
data from the AFETR radars were to be used in updat- 
ing the acquisition messages for those MSFN sites 
tracking the Delta second stage. 



telemetry. Tananarive, Bermuda, Guaymas, 
Guam, Carnarvon, and Hawaii were to receive and record 
the Delta second-stage telemetry. Bermuda was to re- 
ceive and record the Delta third-stage telemetry. 

ments. The following minimum 
requirements needed to be go for the DSN to meet 
Class I requirements: 

(1) DSIF: 

(a) DSS 71, at least one frequency measurement 
before L - 30 min. 

(b) DSS 51 in a go status. 

(c) DSS 42 in a go status. 

(d) DSS 12 in a go status by L f 9  h (required for 
possible Type I1 orientation during first pass). 

(2) SFOF: 

(a) DSN operations control support in a go status. 

(b) FPAC team and data processing system (in- 
cluding communications processor) or RTCF 
at AFETR in a go status. 

(3) NASCOM/GCF: 

(a) One voice and one teletype from RTCF to 

(b) One voice and one teletype to the SFOF from 

JPL/Building AO. 

JPL/Building AO, DSSs 71,51, and 42. 

The DSN requirements and constraints for each DSM 
facility supporting the Pioneer IX launch, as well as the 
DSN requirements for the AFETR and the MSFN track- 
ing and trajectory data, are presented in Tables 6 and 7. 

requirements. Figure 1.1 shows 
the overall NASCOM requirements for support of the 
Pioneer I X  launch. Launch constraints were as follows: 

(1) DSN/GCF operational circuits (Class 11): 

(a) AFETR/SFOF: three voice circuits (AFETR 
circuit, status circuit, and mission decision 

DSM Class II launch requirements 

Communications processor 

Data processing system' 

DQN -?eratiom control support 

FPAC area 

Internal SFOF communications 

Use of TV monitors 

Simulation data conversion center 
support from 1-5 to L-3 h 

Gob 

Gob 

Gob 

Gob 

Goc 

- 
- 

aOne string of computers in  Mode 2: 7044-disk-7094 from 1-5 to L+11 h, plus 
continuous Mode 3 operations until 14-88 h, with periodic Mode 2 for orbit 
determination, predict, and trajectory generation. 

"Either the RTCF or FPAC team and data processing system in  ga statu5 (refer to 
facility checklists). The communications processor i s  considered necessary to inter- 
face with the doto processing system. 

CEssential communications to operate in  nonstandard mode. 

Class 1 requirements I Class II requirements launch consiraints 

DSS 71 spacecraft frequency reports (see DSS 71 spacecraft frequency reports (see 
facility checklist): daily from L-8 to 
L-1 day; and at L-90, L-30, and 
L--5 min 

DSS 71 spacecraft frequency reports (see 
facility checklist): at least four frequency 
measurements between L-8 and 1-1 day; 
and at least one frequency measurement 
before L-30 min on launch day 

facility checklist): at least four frequency 
measurements between L-8 and L-1 day; 
and at least one frequency measurement 
before L-30 min 

DSS 51 able to provide tracking, telemetry, and DSS 51 in a go status (see facility cheeklist) DSS 51 in a go status (see facility checklist) 
command support during initial acquisition and 
subsequent passes 

for initial acquisition for initial acquisition 

DSS 42 able to provide tracking, telemetry, and DSS 42 and DSS 62 in a go status (see facility DSS 42 in a go status (see facility checklist) 

DSS 12 to be in a go status by L+9 ha (see 

command support checklist) 

DSS 12 able to provide tracking, telemetry, and DSS 12 in a go status (see facility checklist) 
command support by L+9 h facility checklist) 

XDSS 12 wos not expected to see the Spacecraft until 14-12 h. Since this station hod to be prepared to support a Type I I  orientation maneuver during the first pass, i t  
would have been considered a launch constraint only i f  o station problem occurred after I 4- 9 h. 

33-42 . IV 
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circuit) and three duplex teletype circuits (one 
for raw and two for computed data). 

SFOF/DSS 71: one voice circuit and two tele- 
type circuits (frequency reports and telemetry 
data). 

SFOF/Deep Space Stations 42,51, and 12: one 
voice circuit and two duplex teletype circuits 
(one for predicts and tracking data and one for 
telemetry data). 

SFOF/ARC: one voice circuit and one duplex 
teletype circuit (predicts for Stanford and Type 
I1 maneuver data). 

(2) DSN/GCF operational circuits (Class I): 

(a) AFETR/SFOF : one voice (AFETR circuit) and 

(b) SFOFDSS 71: one voice circuit and one tele- 

(c) SFOF/DSS 42: one voice circuit and one tele- 

(d) SFOF/DSS 51: one voice circuit and one tele- 

(e) SFOF/DSS 12: one voice circuit and one tele- 

one teletype circuit (frequency reports). 

type circuit. 

type circuit. 

type circuit. 

type circuit. 

(3) DSN requirements for AFETR and MSFN data: 

At least single station raw C-band tracking 
data from SECO (parking orbit injection) to 
SECO+60 s in decimal data format. 

Raw C-band radar tracking data from third- 
stage burnout (solar orbit injection) to third 
stage-spacecraft separation. 

Parking orbit elements, injection conditions, 
and inter-range vector based on actual parking 
orbit C-band radar tracking data. 

Theoretical solar orbit elements, injection con- 
ditions, and inter-range vector based on park- 
ing orbit and nominal third-stage performance. 

DSIF predicts for Deep Space Stations 51, 42, 
and 41 based on parking orbit and nominal 
third-stage performance. 

Actual solar orbit elements, injection condi- 
tions, and inter-range vector based on post-solar 
orbit-injection C-band radar tracking data. 

(g) DSIF predicts for Deep Space Stations 51, 42, 

(h) Actual solar orbit elements, injection condi- 
tions, and inter-range vector based on DSIF 
tracking data. 

(i) DSIF predicts for any Deep Space Station and 
possibly Stanford based on actual solar orbit 
if required by FPAC director. 

(j) If required by FPAC director, I-matrix for use 
as inputs for Type I1 orientation maneuver 
computation at ARC. 

(k) Mark event time reports. 

and 41 based on actual solar orbit. 

3. Prior approval. The following constraint was agreed 
to by the Pioneer Project and the TETR-2 Project 
(S-band only): prior to L+10 days, approval of the 
Pioneer Project must be obtained before turning on or 
tracking the TETR-2 transponder. 

The i!!.sikmt Space Flight Operations Director repre- 
sented the Pioneer Project on this coordination. The 
TETR operations manager was to inform the Assistant 
Space Flight Operations Director that the TETR-2 tran- 
sponder would be turned on from approximately L + 93 
to L f 1 2 3  min. From L to L f l O  days, the TETR 
operations manager was to schedule the transponder 
on and use the tracking only during the periods when 
Pioneer I X  was not in view. 

Frequency reports transmitted from DSS 71 to the 
SFOF between L-8 and L-1 day and at L-90, L-30, 
and L-5 min (items 1 through 3 below only) during 
launch were to include: 

(1) Spacecraft transmitter one-way frequency mea- 

(2) Spacecraft auxiliary oscillator temperature in 
degrees Fahrenheit measured coincident with 
item (1). 

surement. 

(3) GMT measurement of items (1) and (2). 

(4) Spacecraft receiver-exciter subsystem (RCV) best- 
lock frequency. 

(5 )  Spacecraft transmitter subsystem two-way fre- 
quency corresponding to spacecraft RCV best-lock 
frequency. 

(6) Spacecraft RCV temperature at time of preceding 
measurement. 
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(7) Spacecraft RCV static phase error in volts, cor- 
responding to spacecraft RCV best-lock frequency. 

(8) Spacecraft RCV serial number. 

(9) Auxiliary oscillator driver serial number. 

The equipment listed in Table 8 was to be operational 
to declare the station in a go status to launch. 

Equipment 

Paramp 

Receiver 1 or 2 

S-band cassegrain monopulse 
and microwave 

S-band acquisition aid subsystem 
and microwave 

Exciter 

Transmitter 

Servo 

Tracking data handling 

Doppler 

Frequency and timing 

Magnetic tape recorder, RF-1400 

Magnetic tape recorder, FR-1400 

Digital instrumentation Alpha 

Digital instrumentation Beta 

SDS-20 computer 

Power 

Equipment air conditioner 

Pioneer GOE 

- 
DSS 
42 

X 

X 

X 

- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X - 

- 
DSS 
51 

X 

X 

X 

- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X - 

- 
DSS 
62 

X 

X 

- 

- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X - 

v 

DSS 
12 

X 

X 

- 

_. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X - 
ire 5 

vera11 requirement. The collection of the inter- 
planetary science data beginning with the deep space 
phase and ending with the termination of the mission 
required continuous 24 h/day tracking support by the 
85-ft -diam antenna DSN stations. Fulfillment of this 
requirement was subject to constraints caused by the 
DSN facilities or manpower limitations particularly when 
flight missions coincided. 

2. Support plan. The DSN planned continuous 24 h/day 
tracking and telemetry data acquisition coverage with 

three tracking missions each day and a minimum of 1 h 
of overlap during the first 30 days. From L+31 days 
until the spacecraft exceeded the range of the 85-ft &am 
antennas, the intent of the DSN was to continuously 
provide three tracking missions each day giving full 
24 h/day coverage. The DSN was to call on the MSFN 
stations if it could not meet support requirements be- 
cause of requirements from projects with higher priority. 
To support the Stanford University radio propagation 
experiment, the DSN was to make the selection of track- 
ing stations with at least two tracking missions from the 
Goldstone area each week. 

esources and Facilities 

Deep Space Stations 12, 42, and 62 with their GOE 
were to serve as primary support for Pioneer ZX with the 
assistance of DSS 12. The backup stations were Deep 
Space Stations 51,11, and 61. The latter two stations were 
connected with the Pioneer ground operations equipment 
via microwave link and multimission support area con- 
figuration to Deep Space Stations 12 and 62, respectively. 
Because DSS 41 was not equipped with Pioneer ground 
operations equipment, it could only operate in a record- 
ing mode. After the spacecraft had exceeded the range 
of the 85-ft diam antenna, DSS 14 with its 210-ft diam 
antenna was to be the support. Deep Space Station 14 
used GOE built from DSS 12 spares, 

Because the convolutional coding and sequential de- 
coding experiment boosted information communication 
characteristics, the 85-ft diam antenna stations fulfilled 
the data acquisition requirements at a greater distance 
from the earth than on previous flights and the stations 
were still performing for Pioneer IX at the end of the 
report period. It was determined that these stations would 
be used into 1970. Without the convolutional coding and 
sequential decoding, these facilities would have been 
inadequate after L +7 mo. 

The Deep Space Station configurations were as follows: 

(1) Antenna: parabolic, 85-ft diam with equatorial 
mount, operating at 2290-2300 MHz in receive 
mode and 2110-2120 MHz in transmit mode. The 
exception was DSS 14, extended mission station, 
with 210-ft diam parabolic antenna, also operating 
at 2290-2300 MHz in receive mode and 2110-2120 
MHz in transmit mode. 

(2) Power: 120 V, lo%, 60 rtl Hz, with capacity suffi- 
cient for the Project-peculiar equipment; 120-V, 
60-Hz power outlets for auxiliary equipment. 

6 



(3) Room temperature: 70 &5"F. 
Plenum air temperature: 55 & O F .  
Humidity: 50 +lo% relative. 

(4) Lighting: 100 ft-cd. 

(5) Acoustic level: 65 dB above 

(6) Data system hardware: one SDS-910 computer 
with 8192 words of memory. The computer re- 
mained integral to the digital instrumentation 
system at each station. 

1 .  S-band tracking systems. The parabolic reflector 
antennas operated without radomes and used polar 
mounts at S-band frequencies. A cassegrainian feed sys- 
tem was used and the low-noise preamplifier was mounted 
in the cassegrainian cone assembly. Table 9 gives the 
characteristics for S-band tracking systems such as these. 
The gain of the antenna was approximately 53 dB when 
receiving and 51 dB when transmitting. The beamwidth 
was 0.35 deg. 

W/cm2 max. 

The 210-ft diam antenna at DSS 14 was a parabolic 
reflector that used an azimuth-elevation mount. The gain 
was approximately 62 dB when receiving and 60 dB when 
transmitting. The beamwidth was 0.1 deg. 

The Office of Tracking and Data Acquistion (OTDA)/ 
DSN formula for use of DSS 14 was based on a yearly 
average targeting at 60% or more of the time for the 
coverage of all flight projects, 20% more or less of 
the time for maintenance, 15% or less of the time for the 
DSN system development, and 5% or less of the time for 
scientific research unless preempted by specific instruc- 
tions from the OTDA. 

Because NASA had only one 210-ft diam antenna TDA 
facility without backup, this station could only be com- 
mitted for flight support which was not time-critical. 

2. Power transm&dm. The DSS transmitters operated 
between approximately 0.2 and 10 kW. The maximum 

haracteristics for S-band :;zcking systems 

Equipment 

Antenna, tracking 
Type 
Mount 
Beamwidth h3 dB 
Gain, receiving 
Gain, transmitting 
Feed 
Polarization 
Max angle tracking rate' 
Max angular acceleration 
Tracking accuracy (1 u) 

Antenna, acquisition-aid 
TY Pe 
Gain, receiving 
Gain, transmitting 
Beamwidth r t 3  dB 
Polarization 

Receiver 
Typical system temperature 

With paramp 
With maser 

loop noise bandwidth 
Threshold (2 BLO) 
Strong signal (2 BLO) 

Frequency (nominal) 
Frequency channel 

BHA = hour angle; dec = declination. 

"Goldstone only. 

CBoth axes. 

dHSDL = high-speed data line. 

Characteristic 

85-ft-diam parabolic 
Polar (HA-dec)' 
-0.4 deg 
53.0 dB, +l.O, -0.5 
51.0 dB, +l.O, -0.5 
Cassegrainian 
L H ~  or RH circular 
51 deg/min 50.85 deg/s 
5.0 deg/s/s 
0.14 deg 

2 X 2-ft horn 
21.0 dB kl.0 
20.0 dB h2 .0  
-16 deg 
RH circular 

S-band 

270 +50°K 
55 rt: 10°K 
12,48,  or 152 Hz 
so, -10% 
120,255, or 550 HZ 
+o, -10% 
2295 Hz 
140 

Equipment 

Transmitter 
Frequency (nominal) 
Frequency channel 
Power 
Tuning range 

Modulator 
Phase input impedance 
Input voltage 
Frequency response_(3 dB) 
Sensitivity a t  carrier output frequency 
Peak deviation 
Modulation deviation stability 

Frequency, standard 
Stability, short-term (1 u) 
Stability, long-term (1u) 

Doppler accuracy at  FT0 (1 u) 
Data transmission 

characteristic 

2113 Hz 
14b 
10 kW, max 
flOO kHz 

2 5 0  Q 
22.5-V peak 
dc to 100 kHz 
1.0 rad peak/\/ peak 
2.5 rad peak 
_+ 5% 

Rubidium 
1 x 10-11 
5 x 10-11 
0.2 Hz, kO.03 m/s 
TTY and HSDLd 
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power was sufficient to transmit to the spacecraft when- 
ever reception from the spacecraft was possible. The lower 
power could be used when the spacecraft was near the 
earth. Each Deep Space Station was equipped with a 
parametric amplifier and a helium-cooled traveling-wave 
maser. At 2295 MHz, the system noise temperature of the 
amplifier was 270 +50"K and that of the traveling-wave 
maser was between 35 and 50°K. 

3. Types of receiuers. All Deep Space Station receivers 
were of the phase-lock-loop type and operated on S-band. 
These receivers locked to the carrier, detected the sub- 
carrier signal, and supplied the signal to the mission- 
dependent equipment for demodulation and further 
processing. 

Each Deep Space Station was equipped with two 
FR-1400 tape recorders and two SDS-910 or 920 comput- 
ers for use by the flight projects. The recorders recorded 
telemetry data directly from the receivers and from the 
mission-dependent equipment and other information from 
the instruments at the ground station. The computers 
were used in the Pioneer system to perform functions 
associated with telemetry and command. Examples follow: 

(1) Monitoring of spacecraft telemetry data and gen- 

(2) Selective editing of telemetry data and preparation 
for their teletype transmission to the mission oper- 
ation areas. 

(3) Verifying commands transmitted to the spacecraft 
and determining that these commands had been 
executed. 

erating alarms for out-of-tolerance performance. 

4. Specific requirements and plans. 

a. Axis orientation. With command from the ground 
at DSS 12 and using other Deep Space Stations as alter- 
nates, it was necessary to orient the spin axis normal to 
the ecliptic within several days after launch. The purpose 
of this requirement was to establish the final reference 
orientation of the spacecraft spin axis. To furnish one 
complete Deep Space Station pass over approximately 
8-10 h, the DSN planned to furnish mission control 
capabilities at DSS 12, where the Pioneer Space Flight 
Operations Director and his team were located for this 
support. The backup support was to be provided from 
the SFOF. 

b. Large solar flares. This coverage had to provide the 
most useful scientific data. This requirement existed 

during Class I11 or greater solar flare events. The DSN 
planned continuous coverage for 30 to 50 h. 

c. Lunar or solar occultation. The probability of a 
lunar occultation occurring had to be indicated from 
analysis of the nominal trajectory. Definite times had to 
be established from detailed analysis of the resultant 
trajectory. Simultaneous view-periods from Stanford Uni- 
versity and Goldstone were also required to make possible 
simultaneous tracking between the Stanford 150-ft track- 
ing system and the Deep Space Station 12 or 14 tracking 
system. Coverage was also required from the other 
stations in Australia, Spain, and South Africa if the solar 
occultation period occurred during overlap view with 
Goldstone and Stanford University. The DSN support 
intended to give continuous coverage from entrance to 
exit + 10 h. 

d.  Celestial mechanics. The celestial mechanics experi- 
ment support was needed for at least 2 passes/wk in a 
two-way coherent mode. The appropriate longitudinal 
separatirr- ?xtween passes would have been accomplished 
whenever possible. Plans were to furnish at least 2 
passes/wk in a two-way coherent mode. The duration 
of these tracks was to be at least 9 h in length and were 
to be centered around the highest elevation points of the 
antenna beam. 

e. Spacecraft spin axis. Support was requested for an 
orientation of the spacecraft spin axis as directed by the 
mission operations manager. During this horizon-to- 
horizon tracking mission, the ARC mission control was to 
be moved to DSS 12. 

f .  Spacecraft anomalies. For correction of spacecraft 
anomalies as determined by the mission operations man- 
ager, the DSN planned to furnish continuous 24 h/day 
coverage until the spacecraft anomaly had been corrected 
or it had been determined that it could not be corrected. 
The latter was to be determined by the mission opera- 
tions manager. The operation period requirements were 
to be established in real-time by the manager. Whether 
mission control was to be moved to JPL/SFOF or to 
remain at NASA/ARC was to be decided by the mission 
control manager. 

5. Command support. The efficient use of the 
Pioneer IX mission depended upon the proper scheduling 
of command tracks. Thus, the Deep Space Stations oper- 
ated in a coherent two-way mode during the majority 
of the TDA support tracks. The one-way, receive-only 
configuration was used if the signal power received by 
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one of the spacecraft receivers dropped into the vicinity 
of the up-fink threshold. During these phases of the 
mission, the DSN furnished the two-way coherent com- 
mand mode capabilities either from a single station or 
from an additional appropriate station of the network. 

Actual support received by the Pioneer I X  spacecraft 
from the committed facilities of the AFETR, the MSFN, 
and the DSN and the performance of systems from launch 
through the near-earth phase of the &ght are reported 
in this section. 

. AF 

1 e C-band support. All Class I metric coverage require- 
ments were met with the actual coverage equaling or 
exceeding the estimate at most stations. The estimated 
and actual radar coverages are shown in Fig. 12. Because 
the transmitter was intentionally turned off to provide a 
phasing slot for another radar, there was early termi- 
nation of the Cape Kennedy radar (1.16) coverage. 

The Antigua radar experienced a 5-s loss of track at 
L + 301 s prior to the data commitment interval because 
of a primary power fluctuation of undetermined origin. 
Because of the range recycles, breaks in the track for 
the Ascension radar (12.16) were indicated. 

The two Ascension radars and the Pretoria radar were 
committed for the latter portions of their estimated 
coverage intervals on a best-obtainable basis. It was 
anticipated that the signal strength would be below the 
level required for acceptable metric data recording. 
Although not indicated in Fig. 12, intermittent tracking 
by the Pretoria radar extended to Lf4650 s. 

2. Computed data support. A parking orbit was com- 
puted using the Antigua free-flight data and it indicated 
an almost nominal parking orbit. An inter-range vector, 
standard orbital parameter message, orbital elements, 
and look-angles for Carnarvon and Tananarive were 
provided from this solution of the orbit. The metric 
tracking and computed data flow are illustrated in Figs. 
13 and 14. The RTCF orbital computations for Pioneer I X  
are shown in Tables 10 and 11. 

A theoretical transfer orbit was computed by the RTCF 
using the Antigua data plus nominal third-stage burn 

parameters. The inter-range vector, standard orbital 
parameter message, orbital elements, and the DSN pre- 
dicts for Deep Space Stations 51 and 42 were computed 
from this solution. The SFOF reported that these predicts 
agreed closely with the nominal predicts and that they 
were received at the Deep Space Stations. 

An actual transfer orbit was computed by the RTCF 
using the Ascension data. The inter-range vector, standard 
orbital parameter message, orbital elements, I-matrix, and 
heliocentric parameters were provided. from this com- 
putation. The RTCF also computed the DSN predicts 
for Deep Space Stations 51, 42, and 41. These predicts 
compared closely with the nominal predicts. Because of a 
message header error, the DSS 42 predicts were inad- 
vertently transmitted to Deep Space Stations 51, 41, and 
42. After the transmission started, the error was discovered 
and a correct transmission was restarted. 

The DSS 51 data were used by the RTCF to compute 
an actual spacecraft orbit. This was considered to be a 
good solution. The inter-range vector, orbital elements, 
I-matrix and heliocentric parameters were provided from 
this solution. A final set of predicts was sent to Deep 
Space Stations 51, 42, and 41. These predicts matched the 
nominal predicts closely. 

In support of the S-band correlation test, the RTCF 
also provided additional acquisition data from the DSS 51 
data. Updated inter-range vectors and the DSN predicts 
were provided for the MSFN S-band sites at Ascension 
(GACN), Canary Island (LCYI), and Merritt Island 
(GMIL). 

The RTCF also provided near-real-time metric data 
in the decimal format during the near-earth phase. Data 
in the decimal format were provided from Grand Turk, 
Antigua, Ascension (TPQ-18), and Pretoria. 

F telemetry support. All Class I requirements 
were met with the actual coverage equaling or exceeding 
the estimate at most stations. The estimated and actual 
VHF telemetry coverages are shown in Fig. 15. Grand 
Bahama Island lost data for 18 s at L+353 s. The TAA-2 
antenna of the station was slaved to the acquisition bus, 
which was necessarily switched from Cape Kennedy 
AFETR (CKAFS) station 1 origin to the Grand Bahama 
Island origin at a vehicle range of 1 X lo6 yd from 
CKAFS. This caused the antenna to slew away from the 
vehicle. 
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orbit 5 

Orbit 

Initial parking orbit 

Epoch,s computation, Data source of 
min solution 

L+569 Lf15 Antigua Fair 

Theoretical transfer orbit 

Transfer orbit 

Actual spacecraft transfer orbit 

L+1247 L+20 Antigua plus nominal third-stage burn Fair 

Lf1247 L+38 Ascension Good 

able 1 1. Pioneer IX orbital parameters from 

Parking orbit Parking orbit Actual transfer Actual spacecraft 

Antigua data) third-stage burn Ascension data) on DSS 51 data) 
Parameters (based on plus nominal orbit (based on transfer orbit (based 

Epoch time 1 1/8/60 1 1 /8/68 1 1/6/68 1 1 /8/68 
(GMT) 0955~58.7 1007:16.3 1007:16.3 1007:16.3 

Radius, deg 6750.0 6845.0 6843.0 6833.0 
n - e Latitude, deg 20.097 03.1 45 03.1 05 03.1 33 
b -  
P Longitude, deg 299.937 336.386 336.329 336.375 

.- 
2= 

'0 .- X Velocity, km/s 07.434 10.637 10.631 10.639 
L - . I  I I I 
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The RIS Coastal Crusader failed to make the near- 
real-time readouts on the 234.0 and 256.2 MHz links be- 
cause of the failure of a recorder. An input selector 
switch short-circuited the common language bus. The 
Pretoria lost data on the 234.0 MHz link from L+1820 
to 1842 s and from L+2336 to 2523 s because of loss 
of signal. 

3 

4 

The RIS Twin Falls lost data on the 256.2-MHz link 
for 27 s at L+1141 s. No malfunctions were discovered. 
The near-real-time reports of the launch vehicle and 
spacecraft in-flight events (mark events) together with 
the nominal times of occurrence are shown in Table 12. 

- - - Second-stage ignition 154.531 156.5 

Shroud jettison 169.531 171 .O - - - 

4. S-band telemetry support. The 2292 MHz link trans- 
mitter apparently shut down at L+130 s, terminating 
reception at DSS 71 and Grand Bahama Island. Grand 
Turk, Antigua, RIS Twin Fulls, RIS Coastal Crusader, 
and Ascension did not observe the signal during the 
launch phase. 

6 

7 

8 

9 

10 

On the sudden loss of S-band signal at BSS 41 and 
Grand Bahama Island, it was noted that all stations were 
18 dB or more above threshold until the moment 
of dropout. The S-band telemetry was not recovered by 
any other downrange stations. Deep Space Station 51 
did not achieve a firm lock until 12 min after the expected 
lockup time and the signal level was 16 dB below the 
expected level at that time. 

Third-stage spinup 1201.531 - 1202.5 1202.7 1203.5 

Second/third stage separation 1203.531 - 1214.2 1204.7 - 
Third-stage ignition 1 2 1 6.53 1 - 121 8.3 1218.5 1219.3 

Third-stage burnout (injection) 1247.331 - 1253.4 1251.5 1252.7 

Third stage/spacecraft separation 1297.331 - - - - 

Five minutes after DSS 51 was in lock, the station 
transmitter was turned on; within 1 min, the down-link 
signal was lost, indicating that the spacecraft receiver had 
been acquired. The down-link signal was reacquired and 
was at the predicted signal level. 

1 1  

- 
_. 

The Pretoria received the signal after the transmitter 
returned to operation at about L+2400 s; however, the 
signal was low and only intermittent phase-lock was 
achieved. 

- - - - Spacecraft boom deployment complete 1299.231 

Spacecraft TWT amplifier on 1299.231 

Type I orientation initiated 1299.231 

- - - - 
- - - - 

Table 12. Pioneer IX launch vehicle and spacecraft event times 

I -  I I I 150.531 I 151.4 I - 

I 5 I Sustainer engine cutoff (sECO) I 534.721 I - I - 1 - 1  - I 



c. 
d tracking support. Tananarive experienced 

two drop-outs and an early loss of signal. The first drop- 
out was caused by a check for sidelobe track; the second 
was attributed to weak signal strength. A poor aspect 
angle was reported as the probable cause for the early 
loss of signal. Carnarvon experienced four drop-outs dur- 
ing its coverage interval. These were also attributed to 
poor aspect angle. Hawaii acquired the signal approxi- 
mately 5 min later than had been anticipated. Again a 
poor aspect angle was listed as the probable cause. The 
estimated and actual C-band tracking coverages are 
shown in Fig. 16. 

2. Computed data support. The data operations branch 
provided all the required support. 

F telemetry support. All requirements were met 
with the actual coverage equaling or exceeding the 
estimates at most stations. However, Guam did experi- 
ence an unexplainable 4-min dropout at L + 66 min. The 
estimated and actual VHF telemetry coverages are shown 
in Fig. 17. 

ear-Earth Support 

1 and actual acquisition. Deep Space Stations 
12,42,51,62, and 71 were called on to support the launch 
with DSS 51 the first acquisition station. A momentary 
signal was received by DSS 51 at 1012:32, but actual 
acquisition of the signal was not obtained until 1024: 11. 
The auto-track began at 1025:47. The transmitter was 
turned on at 1029:06 at 10 km with two-way lock occur- 
ring at 1030 : 06 at an exciter voltage-controlled oscillator 
(VCO) frequency of 21.985792 MHz. The down-link 
S-band (one-way) frequency at initial acquisition was at 
2292.047770 MHz and was computed on the pseudo- 
residual program output. Deep Space Station 51 had been 
predicted to acquire the spacecraft at 1002:53. Deep 
Space Station 71 and the AFETR stations had lost S-band 
signal at L+ 130 s. 

Normal operation of the spacecraft communications 
subsystem was shown by a detailed examination of all 
data received during the first 130 s of flight. Examination 
of the data received by DSS 51 during the first 5-min 
period the station was in lock before the received power 
returned to normal showed the following conditions: 

(1) TWT temperature was 11°F higher than predicted 
(vice nominal 100°F). 

TWT helix current was 1.4 mA instead of the 
normal 4.7 mA indicating the power input to the 
TWT was extremely low. 

Deep Space Station 51 received signal strength was 
16 dB or more lower than predicted. 

The loss of signal during the powered flight indicated 
a possible reduction in transmitter auxiliary oscillator 
output. Verification was by the low helix current at 
DSS 51 acquisition plus the increased temperature of the 
TWT. At reacquistion after up-link was established, the 
TWT helix current was nominal. The down-link signal 
strength was at predicted levels and the TWT tempera- 
tures began dropping towards predicted values. The only 
change on the spacecraft resulting from the up-link 
acquisition was that the frequency control of the trans- 
mitter auxiliary oscillator changed from a crystal- 
controlled oscillator to the spacecraft receiver. A detailed 
investigation and analysis led to the conclusion that a 
problem in the circuitry associated with the auxiliary 
oscillat;; -,-Jas the most probable cause of the observed 
anomaly. 

Good two-way data were received at 1040:42 approxi- 
mately 38 min after expected initial acquisition. At 
1047:OO ( L f 6 2  min), DSS 42 established three-way 
lock with DSS 51 and immediately transmitted the engi- 
neering and science telemetry data to SFOF as backup 
to DSS 51. A result of the late acquisition was the delay 
in the generation of an orbit based on the data. This 
caused a delay in the generation of predicts. 

The pseudo-residual data reduction of DSS 51 metric 
data showed a problem in the leading digit of the doppler 
counter: every time it reached four, the doppler counter 
recycled causing the loss of a data point in the orbit 
data generator program. This problem happened on the 
order of 2% times more often than normal for recycle. 
Deep Space Station 51 tried to correct the problem in 
real-time, but abandoned the effort because more data 
were being lost than if the doppler counter had been 
allowed to recycle periodically. 

However, the final analysis was that the predicts sets 
to the DSIF were accurate enough for an initial acquisi- 
tion. The cumulative effect of the problems was that 
DSS 51 received all the predicts sets at almost the same 
time near the initial acquisition. Despite this, the efforts 
of the station were satisfactory in acquiring the space- 
craft. 
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The scheduled vs the actual station coverage is illus- 
trated in Fig. 18. The received carrier power at DSS 71 
at launch is illustrated in Fig. 19. Following a successful 
two-way lock, DSS 51 reported that all station systems 
were in a green status to support the command activity. 
Since the spacecraft was launched at a bit rate of 64 
bits/s, the first transmitted command was to increase the 
bit rate to 512 bits/s. 

elaunch and initial acquisition phase frequencies. 

a. Frequency measurements. The frequency measure- 
ments were determined at Cape Kennedy and sent to the 
SFOF where they were temperature corrected by the 
SPAC analysts. Subsequently these frequency measure- 
ments were sent to system data analysis (SDA)/FPAC 
for the AFETR and JPL predicts. These measurements 
included the following: 

(1) Spacecraft auxiliary oscillator frequency. 

(2) Spacecraft receiver 1 rest frequency. 

(3) Spacecraft receiver 2 rest frequency. 

(4) Temperature at initial acquisition. 

The SDA in turn read the frequencies to the AFETR 
computer and sent a followup message with the same 
information. 

b. Final frequencies ( M H x )  and temperature from 
SPAC. These data consisted of the following: 

(1) Auxiliary oscillator frequency: 2292.035362. 

(2) Spacecraft receiver 1: 21.985267. 

(3) Spacecraft receiver 2: 21.988789. 

(4) Temperature at initial acquisition: 75°F. 

c .  Frequencies ( M H z )  for AFETR predicts. These data 

(1) Auxiliary oscillator frequency: 2292.035362. 

(2) Spacecraft receiver 1: 21.985267. 

(3) The J (DSS 51) track synchronous frequency: 

consisted of the following: 

21.985550. 

The J (DSS 51) frequency was the track synchronous 
frequency picked to minimize the spacecraft static phase 
error; it enabled the station to maximize the amount of 
good two-way data received. 

d. Preflight nominal frequency. The temperature cor- 

(1) Receiver 1: 21.985275. 

(2) Receiver 2: 21.988820. 

(3) Auxiliary oscillator: 2292.034985. 

rected frequencies (MHz) are listed below: 

3. Preluunch and initial acquisition phase predicts. In 
addition to the preflight nominal predicts generated 
weeks before launch, several predicts sets were gener- 
ated by JPL for the spacecraft receivers, whereas the 
AFETR generated receiver 1 (channel 6) only. The 
predicts sets for channel 6 were labeled as XXE and for 
channel 7 as XXF. 

After consultation with the Deep Space Stations, it was 
decided to run the predicts in GMT rather than in time 
for launch since the stations did not have countdown 
clocks. Also, it was felt that the preflight nominals6 which 
included the time for launch nominals were close enough 
to the ky:? frequencies to be used as predicts sets in 
case the launch slipped slightly. It was further agreed 
that in the event of a prolonged slip, a new set of predicts 
would be generated at L-5 min. 

This sequence was followed in the countdown, but 
several problems occurred resulting in a confusion about 
the predicts at the stations. Table 13 lists chronologically 
the events involved in the predicts generation and trans- 
mission betwen T - 45 min and L + 50 min as observed by 
the SDA. The problems encountered were as follows: 

(1) The trajectory run from which the predicts were 
to be generated was in error. This problem was not 
discovered until the predicts set 08E was run and 
checked. A total of three trajectory runs were made 
in an attempt to obtain a correct A6 tape for pre- 
dicts. When these trajectory runs failed, the decision 
was made to run predicts from input injection con- 
ditions. This action delayed the predicts by over 
30 min. 

(2) When the injection conditions for predicts set 1OE 
were input to the computer, a keypunch error was 
discovered. This also delayed the predicts by about 
5 min. 

(3) Predicts sets 10E and 1OF were erroneously trans- 
mitted, once as data type 42 and once as data 
type 43. 

‘DSN Operations Plan, Vol. VIII. 
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Time 
(GMT) 

0800 

0820 

0825 

0830 

0035 

0840 

0845 

0850 

0858 

0904 

091 5 

0917 

launch 
time, 
min 

T-45 

T-35 
hold 

T-35 
hold 

T-35 
hold 

T-35 
haid 

T-35 
hold 

T-35 
hold 

T-35 
hold 

T-34 

T-28 

T-17 

T-15 

Event 

Scheduled time for T-45 min predicts run 

Trajectory program first run to generate 
A6 tape 

Prediction program run for predicts sets 
08E and 08F 

Predicts sets 08E and 08F were found to be 
bad; error traced to A6 tape 

Trajectory program second run to generate 
A6 tape 

Prediction program run for predicts sets 
09E and 09F 

Predicts sets 09E and 09F were found to be 
bad; error traced to A6 tape 

Trajectory program third run to generate 
A6 tape; the same problem occurred as 
in first and second runs. SDA decided to 
run trajectory from the injection condition 
cards 

Prediction program run for predicts sets 1 OE 
and 1OF 

Prediction program aborted due to key- 
punch error in injection conditions. 
Restarted after card was corrected 

Prediction program off the computer. 
Predicts sets 1 OE and 1 OF checked. 
Instructions to transmit 

Predicts set 1 OE transmitted twice by data 
chief 

(4) When the launch time was slipped, the SDA de- 
cided to run a new predicts set and requested 
communications to clear the in-house predicts lines. 
When predicts set 12E was ready for transmission, 
it was queued up behind predicts set 10F at the 
sites. No action was taken to set an urgent pre- 
cedence level on predicts set 12E because the SDA 
was unaware that predicts set 10F was still print- 
ing out at the Deep Space Stations. 

(5)  The AFETR transmitted predicts set 01A for 
DSS 42 to all Deep Space Stations. This erroneous 
transmission was stopped by the AFETR after 
about 15 lines. However, it caused confusion at 
DSS 51 where it was not noticed that the predicts 
set was for DSS 42. 

(6)  Because of the nonstandard initial acquisition con- 
ditions, the voice circuit to DSS 51 was heavily used 

Time 
(GMT) 

launch 
time, 
min 

0919 

0930 

0943 

0951 

0956 

1001 

1009 

1026 

1028 

1030 

T-13 

T-5 
hold 

T-3 

l + l O  

14-15 

Lf23 

Lf40 

Lf42 

Lf44 

Event 

Predicts set 1 OF transmitted twice by data 
chief 

Due to slip, predicts set 1 OE declared 
unusable by the SDA. Decided to run pre- 
dicts set 12E as soon as count is  picked up 

New launch time announced. SDA computed 
new injection time and asks trajectory 
engineer to confirm. Trajectory engineer 
does not concur 

Prediction program run for predicts set 12E 
started after trajectory engineer and SDA 
agree on new injection time 

Prediction program off the computer with 
predicts set 12E 

Predicts set 12E was transmitted by data 
chief after station reported predicts set 
1OF still incoming; therefore, track chief 
decided that the predicts set 12E should 
queue up behind it 

AFETR predicts set 01N (parking orbit) was 
transmitted 

AFETR predicts set 01 A (transfer orbit) for 
DSS 42 was transmitted to all stations- 
stopped by AFETR after 15 lines 

AFETR predicts set 01 A was retransmitted 
correctly 

DSS 51 was still receiving predicts set 12E 

for commands, and it took considerable time to 
straighten out the confusion about the predicts 
since communications on this subject were squeezed 
in between command instructions. 

In general, all the predicts sets generated were fairly 
close to nominal and differed mostly in the adjusted 
GMT. Deep Space Station 51 ultimately acquired the 
spacecraft on the preflight nominal predicts and switched 
to predicts set 12E when they arrived after initial acqui- 
sition. Deep Space Stations 42 and 51 itemized all launch 
operation messages received during this crucial phase. 

AC/SDA. The SPAC/SDA interface was the first 
attempt ever made during any Pioneer mission toward 
selecting proper spacecraft and ground frequencies for 
a smooth DSN initial acquisition. The prelaunch fre- 
quency measurements made on spacecraft receivers P 

T 



and 2 served as a data base for predicting the best-lock 
frequency. In addition, the auxiliary oscillator frequency 
measurements appeared to be in agreement with the 
expected nominal values made by the thermal vacuum 
data  curve^.^ 

(c) Track chief will be aware when AFETR pre- 
dicts are transmitted to the stations. 

During launch operations, the initial acquisition fre- 
quencies (temperature corrected) were made from the 
L-90 min report, and no changes were deemed neces- 
sary based on the T-45 and L f 5  min reports. However, 
it should be noted that the spacecraft auxiliary oscillator 
driver temperature indicated a much cooler temperature 
(5°F) than expected. This could account for a part of the 
difference of 6600 Hz between the predicts and the actual 
initial acquisition frequency for the auxiliary oscillator. 

5. Conclusion and recommendations. In the final anal- 
ysis, all the predicts sets sent to JPL were accurate 
enough for the initial acquisition. The cumulative effect 
of all the problems mentioned was that DSS 51 received 
all of the predicts sets almost at once, near their initial 
acquisition. Under these confused circumstances, DSS 51 
did a commendable job with the preflight nominals in 
acquiring the spacecraft. In order to avoid the confusion 
and the problems encountered during the Pioneer ZX 
launch, the following recommendations were made for 
future Pioneer missions : 

(1) The Deep Space Stations should be provided with 
countdown clocks. This would obviate the need to 
rerun predicts just to update the GMT. 

(2) The procedure for transmitting predicts should be 
streamlined to eliminate misunderstanding, such 
as the double transmission of predicts set 10E. The 
SDA should work with data control on rewriting 
the standard operating procedures. 

(3) The trajectory engineer should be more responsive 
to the needs of the SDA in the area of trajectory 
definition. Too much time was consumed on this 
launch in trying to obtain accurate trajectory in- 
formation to run predicts. 

(4) The communications between the track chief and 
the SDA should be improved so that: 

(a) SDA will be aware of predicts arrival and 
completion at the station. 

(b) Track chief and SDA track can coordinate use 
of urgent precedence level on predicts when 
needed. 

l i oneer  DRF Equipment and Trajectory Information (ARC),  
PC-196. 

(5)  The sequence of events is such that, in the standard 
case, the stations will receive the predicts sets for 
the initial acquisition and the instructions for use 
before the spacecraft rise. This was the standard 
requirement for Pioneer I X ,  but was not adhered 
to because of the problems previously mentioned. 

(6) Pseudo-residual telemetry output should be dis- 
played on TV in order to give the SDA track 
visibility into the quality of the predicts and the 
data. 

(7)  The interface with AFETR predicts needs to be 
reviewed. This interface was riddled with prob- 
lems throughout the operational readiness test 
and the launch. The AFETR should concentrate 
more heavily on providing prediction backup rather 
than trying to compete with the SFOF in orbit 
determination. 

. Introduction 

This section presents details of the DSN support 
activity for the Pioneer IX spacecraft throughout a flight 
period beginning in November 1968 and ending June 30, 
1969. The data summaries appear at the end of this 
section. An event of special interest during this period 
was an inferior conjunction (Fig. 20). 

The DSN support in deep space began November 8, 
1968, with 24 h/day support by three 85-ft diam antenna 
stations. When the period covered by this document 
ended, the spacecraft remained within the increased 
range of the 85-ft diam antenna network of stations and 
did not become the sole responsibility of the 210-ft diam 
antenna station as did the previous Pioneer spacecraft. 

The prediction at launch was that the spacecraft 
would exceed the capabilities of the lesser-range an- 
tennas during May 1969. At the end of the time period 
of this document, the prediction was made that Pioneer I X  
would remain within the range of the 85-ft diam antenna 
stations into early 1970. 

The extension of station range resulted from an up- 
grading of the DSN characteristics. (Figure 21 presents 
an illustration of the percentage of good tracking data.) 
These two engineering improvements, (1) and (2) below, 
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Fig. 20. Pioneer IX inferior conjunction, January 30, 1969 

and the surpassing of a specification, (3) below, extended 
the range of the 85-ft diam antenna stations. 

256 bits/s, and similarly, the 256 bits/s covered the 64 
bits/s, the 64 bits/s covered the 16 bits/s, and the 16 
bits/s covered the 8 bits/s rate. (1) Convolutional coding and sequential decoding. 

(2) Design and installation of a 3-Hz loop bandwidth. 

(3) Reduction of the signal-to-noise temperature from 
55 to 40°K. 

1. Convolutional coding and sequential decoding. The 
convolutional coding and sequential decoding experi- 
ment that required modification of the GOE as well as 
a change in the station data-handling methods success- 
fully achieved ti coding gain of 3 dB. The code rate for 
the convolutional coding and sequential decoding was 
%, which means that €or each bit transmitted, a coded 
parity was also transmitted. Thus, for the 512 bits/s 
information, the actual transmitted symbol rate was 1024 
bits/s. The 512 bits/s rate covered the previously used 

The convolutional coding and sequential decoding 
assisted in extending the effective use of the 85-ft diam 
subnet for Pioneer I X  into 1970. Also, the convolutional 
coding system was credited for the errorless real-time 
processed telemetry during the inferior conjunction of 
the earth, the spacecraft, and the sun in January 1969. 

The coding scheme involved decoding in two direc- 
tions on each frame of data (denoted forward and 
reverse). This two-way approach was used for error 
detection since errors committed in decoding in one 
direction were almost never committed in the opposite 
direction. Any words that disagreed between forward 
and reverse decoding were deleted. 
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a. Modifications. The real-time data processing of the 
received convolutional coding data required the use of 
two SDS 92O/telemetry command processor computers 
at the Deep Space Station. The GOE modification was 
implemented by the personnel of the ARC/Pioneer 
Project. The DSN furnished all the necessary test equip- 
ment, facilities, and personnel required to implement all 
modifications. The DSN tested each subsystem indi- 
vidually and integrated the modified GOE. In addition, 
the DSN furnished all necessary engineering, planning, 
testing, training, and implementation support to the 
Pioneer Project to equip the Deep Space Stations with a 
new software package developed by the Project fo: 
coded and uncoded Pioneer/telemetry command pro- 
cessor operation. 

b. Telemetry command processors. All Deep Space 
Stations were equipped with two telemetry command 
processor computers. One of these computers served as 
a backup for the operational unit. Because the Pioneer 
Project used both computers, with two different com- 
puter programs in the convolutional coding mode, a 
computer failure required an interruption of the TDA 
support. In such case, the computer operator reloaded 
the computer that was still operational with a Pioneer 
emergency program. This emergency program required 
the use of only one computer with limited data pro- 
cessing capabilities. Because of the necessary switching 
and computer program reloading actions, a 10-min drop- 
out of telemetry data occurred. 

During the third quarter of 1969, the Pioneer Project 
furnished a new Pioneer software package that used the 
increased 163word core memory capability of the SDS 920 
computers; only one SDS/TCP 920 computer was needed 
to support the convolutional coding experiment. Since 
the second computer in the convolutional mode was not 
required, the second machine provided full backup of 
the operational unit, thus eliminating the prevailing 
support reliability risk. 

c. Pass in convolutional coded mode. Figure 22 pre- 
sents a DSS 12 pass with Pioneer I X  operating in the 
convolutional coded mode. 

2. Loop bandwidth, 3- z. The bandwidth tests per- 
formed during May employed the Pioneer simulator with 
a 2 BLO of 3, 6, 9, and 12 Hz. These tests indicated that 
3 Hz was the optimum tracking loop bandwidth. On 
pass 197 at DSS 12, a test was performed using space- 
craft data to confirm the previous test results. 

The test began in the 12-Hz 2 BLO position, switching 
to 6 Hz for the first half of the pass, and then to 3 Hz for 
the remainder. The bit-error rates printed out every 
12 min were averaged; the results are illustrated in 
Fig. 23. The figure also shows a direct relationship of 
signal-to-noise ratio (SNR) to probability of error. The 
equivalent error when the 2 B L O  was changed from 12 Hz 
to 3 Hz was 1.4 dB. When changed from 12 Hz to 6 Hz, 
the improvement was 0.9 dB and the improvement from 
6 Hz to 3 Hz amounted to 0.5 dB. 

Because signal strength readings, automatic gain con- 
trol (AGC), were difficult to make near threshold, the 
DSS 14 readings were used as a reference, and 8 dB 
were added to give the value for an 85-ft diam antenna 
station. The 3-Hz loop bandwidth was made available 
to all stations. 

3. Signal-to-noise temperature. The 55 "K specification 
for the signal-to-noise temperature was exceeded with 
the performance being maintained at 40°K. The lower 
temperature proved an additional factor in extending 
antenna range. 

4. Inferior conjunction. The DSN furnished continuous 
support during the January 30, 1969, inferior conjunction 
of Pioneer I X  from Deep Space Stations 12, 42, 61/62, 
and the MSFN control room, Pioneer station at Gold- 
stone. However, the planning forecast had predicted an 
approximate 20-h radio blackout resulting from the near- 
ness of the sun to the Deep Space Station antenna beam. 
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Fig. 23. Tracking loop bandwidth test results 

The forecast was based on the SNR measurements made 
in the close vicinity of the sun in 1964 by the network. 

Although a telemetry signal was not expected during 
the radio blackout, actual TDA support performance 
was continuous and there were no signal dropouts. The 
telemetry bit rate used during the closest approach to 
the sun was 64 bits/s with a system noise temperature 
of 780°K. At this closest point, the heliocentric sun- 

Parameter 

Passes 

Number of passes covered 

Tracking, h: min 

Bit rate 

Number of commands 

earth-spacecraft angle was 0.78 deg. Because of the suc- 
cess of the convolutional coding system, as previously 
noted, the real-time processed telemetry was errorless. 
Figure 24 illustrates the increase in the system noise 
temperature and the bit-error rate for 36 h during the 
conjunction. 

The continuation of the telemetry signal is believed 
to be a result of the resurfacing of the 85-ft-diam anten- 
nas. This improved the sidelobe performance and the 
antennas did not pick up as much noise as they did in 
1964 with the old surfaces. 

The collection of uninterrupted telemetry and the pre- 
cision two-way tracking data during the sun-spacecraft- 
earth syzygy of Pioneer IX made possible detailed analysis 
of the fields and particles travelling from the sun toward 
the earth at an approximate distance of 1.7 X lo7 km. 

B. Supye:! Summaries 

1. Passes, tracking commands, and telemetry. A sum- 
mary of these is contained in Table 14. 

2. Monitor data. A summary of the monitor data is 
contained in Tables 15 and 16. 

a. Analog tapes. Information from the DSN monitor 
group weekly status report is presented here. After the 
analog tapes were validated through the passes covered, 
all tapes were sent to the project office at ARC. 

b. Data frames. The data frames transmitted by the 
Deep Space Stations and the percentage of frames re- 
ceived by the SFOF are compiled here for the November- 
December 1968 period. The first and second quarters of 
1969, with the exception of June, are also included. No 
data were made available for June because of a change 
in the method of recordkeeping. 

December 

1363:Ol 

16,64,256,512 16,64,256,512 

Totals 

6 
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Deep 
Space 
Station 

11/12/14 

42 

51 

61/62 

71 

GD-SX 

MA-DX 

SD-SX 

November, December 1968 

Frames 
transmitted I Percent 

140,047 

59,449 

4,878 

109,020 

703 

- 
- 
- 

99.53 

98.74 

94.29 

98.89 

99.77 

- 
- 
- 

Table 16. Analog tapes 

Deep November, Firsf 
Space I De;;;: I quarter 
Station 1969 

11 

12 

14 

41 

42 

51 

61 

62 

- 
324 

- 
300 

99 

254 

150 

180 

Frames 
transmitted 

Second 
quarter 
1969 

- 
359 

41 2 

186 

51 6 

186 

561 

- 

~~ - 

First Quarter 1969 

132,778 

1 16,083 

13,362 

84,745 

- 
21,297 

24,192 

- 

- ANTICIPATED 

5 -100 

E? 

p -120 
I 
9 
2 
1 

m V 

i$ 

W 

-140 

-1 60 
20 43 60 80 100 120 

TIME FROM LAUNCH, min 

Percent 

99.1 5 

97.94 

87.59 

98.57 

- 
98.93 

99.38 

- 

April, May 1969 

Frames 
transmitted 

70,675 

44,040 

7,748 

43,899 

- 
- 
- 
256 

Percent 

98.68 

97.96 

97.1 4 

99.22 

- 
- 
- 

75.39 

C. Early TDA Support 

Figure 25 illustrates the DSN tracking and data acqui- 
sition support of Pioneer IX. Figures 26 and 27 illustrate 
the received carrier power in the early hours of deep 
space Egk .  The support was based upon the application 
of the unified S-band system wherein a single coherent 
up-link and down-link carrier was used to provide both 
a two-way doppler and a data reference carrier. This 
carrier was modulated with command on the up-link and 
telemetry on the down-link. 

Essentially, the tracking and telemetry system provided 
precision radio tracking related quantities by performing 
tasks such as data acquisition, handling, display, distri- 
bution, and validation. Some examples of metric data 
from the tracking were range angle, signal level, and 
doppler information. Telemetry data were defined as 
engineering and science information, including video re- 
ceived from the spacecraft via the telecommunications 
links. The telemetry data could consist of multiple data 
streams coded in a variety of ways. 
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The DSN continuously analyzed and upgraded its capa- 
bilities for Pioneer Flight Project support. The down-link 
signal strength continuously degraded as a function of 
the distance from the earth,as shown by the actual down- 
link performance of a Deep Space Station by communi- 
cations range in Fig. 28. However, despite the degradation 
of the down-link signal strength, good usable data (for 
example, metric data) were consistently processed by the 
DSN. Using the same horizontal axis for comparison, the 
percentage of this usable data remained at a high per- 
centage level. (See Fig. 28.) 

Table 17 shows the month-by-month Deep Space Sta- 
tion support. 

Table 17. Station support 

Month 

NOV 1968 

Dec 1968 

Jan 1969 

Feb 1969 

Mar 1969 

Apr 1969 

May 1969 

Jun 1969 

Sfation 

12, 42, 62 

12,41,& 42,51,62 

12,41:42,51,61,b 62' 

12, 41; 42, 51, 62' 

12, 14, 41: 42,61, 62' 

12, 42, 61 

12, 14,41p 42, 51, 61, 62' 

12, 14, 42, 61e 

aDSS 41 tracked in  the record-only mode. 

bDSS 61 supported DSS 62 with the telemetry command processor and GOE. 
cSupport also provided by MSFN stations. 

aDSS 41 furnished real-time data by use of multirnission telemetry system. 

eDSS 62 supported D S S  61 tracking activities. (GOE was moved to D S S  62 in 

May.) 

I 

sis 

1. Launch chronology. After two slippages, the 
Pioneer I X  spacecraft was launched from AFETR, Cape 
Kennedy, Fla., November 8, 1968, at 0946:29.008, ap- 
proximately 9 min after the opening of the launch win- 
dow. The launch azimuth was 108.0 deg, as desired. A 
chronology of launch events is given in Table 18. 

The original launch date of November 6, 1968, was 
slipped to November 8, 1968, because of an intermittent 
anomaly detected in the second-stage programmer of the 
two-stage, thrust-augmented improved DeZta launch ve- 
hicle. The second slip, one of 9 min, was created by a 
high upper wind condition at Cape Kennedy. 

e 1%. 

Time (GMT) 

oaoo 
0805 

0857 

0927 

0932 

0941 :2a 

0946:29.00a 

0 9 4 1 ~ 0  

101 2:32 

1024:ll 

1025:47 

1029:06 

io3o:i a 
1040:42 

1045:23 

1046:23 

1047:OO 

1 100:23 

1 105:20 

1130 

Events 

All stations and systems reported green for launch 

Began built-in 52-min hold 

Resumed counting at 7-35 min 

Began built-in 5-min hold 

Hold had been extended because of high altitude 
winds 

Resumed counting at L-5 min 

liftoff 

DSS 71 and AFETR stations reported loss of 
S-band signal' 

DSS 51 reported momentary signal (predicted 
acquisition-1 00263) 

DSS 51 receivers in-lock. Receiver 1 at 
1 1  5 dBmW S-band cassegrainian-monopulse 
and receiver 2 at 146 dBmW S-band 
acquisition aid subsystem 

DSS 51 switched to cassegrainian-monopulse 
automatic mode (auto-track) 

DSS 51 transmitter turned on at 10 k W  

DSS 51 reported receivers in-lock, two-way 

Good two-way data received 

Command: spacecraft to 51 2-bits/s rate 

Command: restart of Type I orientation maneuver 

DSS 42 established three-way lock with DSS 51 

Command: undervoltage protection turn-on 

Reduced transmitter power to 1.25 k W  

Command: first experiment turn-on 

"Loss of S-band signal from the spacecraft could have been caused by a coaxial 
switch being vibrated into a nonstandard position. An investigation failed to 
determine the exact cause. 

Official surface weather conditions at launch were: 
temperature, 60.4"F; visibility, 10 mi; wind, 5 knots from 
330 deg; relative humidity, 93% ; sea-level pressure, 
1015.9 mbar; dew point, 58.1"F; and clouds, none. 

rientation maneuuers. The Delta boosted the third 
stage-spacecraft combination into an elliptical parking 
orbit. Near the end of the parking orbit coast period, the 
third stage-spacecraft combination was spun up, the 
second stage-third stage separation took place, and the 
third stage was ignited. One minute after the third-stage 
burnout, the spacecraft and the third stage separated, the 
spacecraft booms deployed, the TWT amplifier turned 
on, and the Type I orientation maneuver was initiated. 
This maneuver, controlled by the sun sensors, placed the 
spin axis of the spacecraft normal to the sun-spacecraft 



line, and permitted maximum output from the solar 
panels located on the sides of the spacecraft. 

The Type I1 orientation maneuver was accomplished 
during the second pass over DSS 12 at Goldstone and 
placed the spin axis of the spacecraft approximately 
normal to the ecliptic plane. This orientation allowed the 
high-gain antenna to maintain contact with the earth 
continuously throughout the mission. 

3. Early spacecraft activity. Subsequent to the space- 
craft separation, the booms and the Stanford antenna 
were deployed and latched into place. The power to the 
orientation system and the TWT was turned on auto- 
matically. The low-gain antenna was switched from the 
transmitter-driver output to the TWT output, and the 
transmitter-driver output was switched from the antenna 
to the TWT. Following the TWT warmup, the transmit- 
ted signal increased about 7.7 W. The Type I maneuver, 
alignment of the spin axis of the spacecraft perpendicular 
to the spacecraft-sun line, was automatically initiated 
following the orientation power turn-on. 

4. Solar orbit parameters. Two hours after launch, 
Pioneer I X  reached the solar orbit starting point at 
1007: 16.3, the DSN flight path determination group 
published the first set of solar orbit parameters as follows: 

Epoch: November 8, 1968, 1007:16.3. 

Geocentric equatorial coordinates: 
X = - 6812.889 

Y = +504.74171 
Z = -366.80790 

= -0.74449804 
'? = -9.0581598 
2 = -6.7678175 

Inclination: 0.0893 deg. 

Longitude: 222.7024 deg. 

Argument of pericenter focus: 4.7224 deg. 

Sidereal period: 297.5397 days. 

Aphelion: 0.9904 AU. 

Perihelion: 0.754 AU. 

Time of perihelion passage: L + 150 days. 

Time to spacecraft superior conjunction: 769 days. 

Time to spacecraft inferior conjunction: 82 days. 

(12) Spacecraft-earth distance at superior conjunction: 
1.7560 AU. 

The solar orbit injection velocity vector of the spacecraft 
deviated only by a la  value from the nominal after 
launch. The orbit determination predicts generation tasks 
were completed on schedule and actual deviations from 
the predictions were within expected limits. 

. Flight Coverage 

1.  BSW activity reports. 

a. Launch through pass 23. During November 1968, 
Deep Space Stations 12, 42, and 62 maintained 24-h/day 
coverage. Because of the questionable status of the space- 
craft in the noncoherent mode of operation, two-way 
coherent operation was maintained by using the method 
of power-steal transfers between stations. This method 
was continued until the up-link was inadvertently 
chopped during the transfer from DSS 42 to DSS 62 on 
pass 5, dav 317, November 12, 1968. On November 15, 
1968, the transmitter at DSS 12 was turned on and off 
several times during pass 8 to observe the spacecraft 
operation. The data indicated the spacecraft was healthy 
and that normal transfers could be used. A continuing 
problem during the period was loss of word frame 
synchronization by DSS 62. 

b. Passes 24 through 55. During December 1968 there 
was only one major network irregularity which entailed 
extensive investigation during this report period. This 
problem was indicated by occasional spurious interrupts 
in the telemetry command processor that caused loss of 
real-time data. 

Because of the intermittent nature of the problem, it 
took more than 2 mo to isolate and correct the irregular- 
ity. The final determination was that there were spurious 
word parity errors on the decoded data caused by tran- 
sients on the decoding computer parallel input lines. 
These transients generated excessive noise for the logic 
one state on the operational processing computer parallel 
input lines. 

After the problem was isolated, the ARC sent modi- 
fication 11 to all Pioneer GOE stations for the computer 
buffer. Modification 11 changed the timing on the 
decoded data clock to the center of the data period, 
triggering the interrupt to the operational processing 
computer. This ensured that both computers would not 
address the buffer simultaneously. 



c. Passes 55 through 86. Several minor anomalies oc- 
curred during January, but they did not require extensive 
investigation. Modifications were completed during Jan- 
uary in an effort to correct the spurious interrupt prob- 
lem noted previously in the December report. 

d. Passes 86 through 114. The engineering problems, 
all minor, and the solutions during February were the 
following: 

(1) On pass 88 at DSS 62, approximately 8 min of data 
were lost because of the Klystron pump drift; this 
was readjusted. 

(2) On pass 88 at DSS 12, a broken closed-cycle refrig- 
eration line was replaced. 

(3) On pass 99 at DSS 62, the GOE demodulator- 
synchronizer power supply failed and was replaced 
with a spare. 

(4) During passes 103 and 104 at DSS 62, real-time 
telemetry data were lost because of a microwave 
failure. Channels were changed and tracking was 
resumed. 

(5 )  On pass 113 at MSFN Goldstone Wing Site, the 
command modulation index was set incorrectly be- 
cause of microwave problems. Correct amplitude 
was set and the command sequence continued. 

The MSFN prime station at Cebreros supported the 
Pioneer Project for the first time by demonstrating its 
capability in tracking two-way during this period. 

e. Passes 114 through 145. During March 1969, Deep 
Space Stations 14 and 51 each had only one pass and 
DSS 41 had one record-only type pass. The MSFN prime 
station at Goldstone attempted to track Pioneer I X ,  but 
because signals were below the threshold for satisfactory 
data, the station was not requested to track again. Four 
passes were tracked by the MSFN Wing Site at the 
Robledo Madrid station (DSS 61). 

The operations engineering was involved with several 
anomaly investigations. Two were reported at DSS 62. 
On pass 114, the maser was in the cool-down mode, 
which was not completed until after the pass began, 
causing several AGC fluctuations and telemetry com- 
mand processor losses of lock. The problem was corrected 
after the maser was stabilized. On pass 117, the telemetry 
command processor would not lock after initial acquisi- 
tion. A loose 1-pulse/s cable was found and reconnected. 

On pass 121 at DSS 42, maser 1 was out of service be- 
cause of excessive oil contamination. The backup maser 
was substituted. On pass 131 at DSS 51, the synthesizer 
was unstable. 

f .  Passes 145 through 175. There were no major prob- 
lems during April 1969, with Deep Space Stations 12, 42, 
and 61 that provided all support. None of these stations 
required microwave support facilities. Minor problems 
and their solutions were as follows: 

(1) On pass 150 at DSS 42, the signal level dropped 
by 1 dB. This problem was corrected by adjusting 
the maser compressor return regulator valve. Also, 
telemetry command processor alpha was down 
because of a bad clock generator card that was 
later replaced. 

(2) On pass 151 at DSS 61, the telemetry command 
processor intermittently dropped lock after being 
switched to the coded mode. Upon resetting the 
bit-rate switch, the telemetry command processor 
l,dC: lock. The cause of the problem, which did 
not recur, was believed to be a faulty contact at 
the switch. 

(3) On pass 155 at DSS 61, all data were lost for 11 
min because of a governor failure on the power 
generator. The power was switched to a standby 
generator while the prime generator was being 
repaired. 

(4) On pass 163 at DSS 61, the signal level was erratic 
throughout the pass because of a failed HA clutch 
solenoid. The clutch was manually adjusted to 
allow tracking. 

(5) During several passes, DSS 42 experienced multiple 
received signal transients because of a faulty trans- 
mitter acquisition potentiometer. 

g. Passes 175 through 206. The average signal strength 
ranged from -165.7 dBmW on May 1, 1969, to -167.5 
dBmW on May 31, 1969. The 85-ft diam antenna sites 
maintained 16-bits/s telemetry coverage during passes 
176-179 at -165.7 dBmW, and the same antenna sites 
maintained telemetry coverage at 8 bits/s between passes 
180 and 206. In addition, the stations provided horizon- 
to-horizon tracking coverage between May 8 and May 15. 
This special coverage was requested and used for obtain- 
ing data when Pioneer I X  had a zero declination crossing. 
This data served to tie all Deep Space Stations together 
in relative longitude and established their distances off 
the spin axis of the earth. 
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The improved station location solutions were supplied 
from an analysis of this tracking data for the Mariner Mars 
1969 encounter and the Apollo 11 mission. During May 
1969, in which the MSFN Goldstone and Honeysuckle 
Creek, Australia wings also tracked, there were numerous 
receiver malfunctions caused by the spacecraft signal 
approaching what appeared to be threshold at that time. 
Because of this, the aforementioned tests were performed 
on the tracking loop bandwidth (2 BLo) to determine 
optimum telemetry threshold. 

Besides receiver malfunctions, other problems and 
solutions were as follows : 

On pass 177, DSS 42 lost the telemetry command 
processor data because of a computer buffer in 
GOE. The buffer was replaced with a spare unit; 
later a bad card was found. 

On pass 183, DSS 42 lost the transmitter power 
because of a heat exchanger. A faulty valve was 
located and corrected. 

On pass 183, DSS 62 lost the transmitter power 
because of focus magnet power supply failure. 
The beam voltage was reset and track continued 
without further problems. 

On pass 184, a DSS 51 maser warmed up; the unit 
was purged and recooled. 

On pass 197, the DSS 62 telemetry command pro- 
cessor alpha failed because of a memory parity; 
the correction was made by replacing the voltage 
regulator. 

On pass 204, the DSS 42 antenna HA was off be- 
cause of a faulty power supply; the power supply 
was replaced. 

la. Passes 206 through 236. A test in June 1969 deter- 
mined that the difference between receiver 1 (with 
occultation equipment turned on) and receiver 2 (without 
occultation equipment) was between 1 and 2 dB. There- 
fore, it was suggested that receiver 2 be used or that the 
occultation equipment be turned off if receiver 1 was used. 

During June 1969, a major problem for the 85-ft-diam 
antenna stations was the low received power from the 
spacecraft because of the extended range. The 3-Hz 
tracking loop bandwidth was installed because of the 
weak signal and this improvement increased the telemetry 
threshold by approximately 1.4 dB. Other significant 
problems and their solutions were as follows: 

(1) On pass 211 at DSS 42, the data processing started 
23 inin late because of a faulty connection on the 
telemetry command processor interrupt patch panel. 

(2) On pass 221 at DSS 14, the telemetry command 
processor output was bad because of a broken pili 
in the demodulator. Telemetry support was pro- 
vi .X hy DSS 12 and the broken pin was repaired 
after the pass. 

( 3 )  On pass 222 at DSS 61, the receivers were unable 
to acquire the spacecraft because of a faulty fre- 
quency shifter, which was replaced with a spare 
module. 

(4) On pass 227 at DSS 14, the antenna rotation 
stopped because the film height lowered to the 
alarm stage. Cleaning dirt from the sensor solved 
the problem. 

2. Operations data. The operations data are presented 
by pass number in Tables 19-26. 
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Analyses in this section cover the procedures, results, 
and anomalies in Pioneer I X  telemetry, frequency, and 
prediction, the fitterate program, pseudo-residuals, and 
acquired metric data. These encompass parity error rate 
(PER), hertz variations of frequency from predictions, 
doppler noise and bias, and SNR values. 

Figure 31 illustrates the February probability of error 
in the coded mode of operation at the Deep Space 
Station. The probability of error data illustrated in the 
figure are the lowest value recorded during the pass and 
appear below the estimated maximum value of 0.07. 
The probability of error data appears to be consistent 
between the stations at 512, 256, and 64 bits/s; however, 
the variations in system temperatures and other unknown 
causes apparently affect the data, as illustrated in Fig. 31. 

1. General. The real-time telemetry quality is indi- 

printout. A parity of error of 0.116 is equivalent to one 
error in 1000 consecutive bits of information and is 
regarded as the b i t i n g  value for uncoded and con- 
volutional coded unit operation. One bit error per 103 bits 
equals 0.116. Bit error rate equals PER X 0.009117. 

During March 1969, the higher probability of error 

due to the telemetry command processor being unable to 
stay in lock. No reason for this anomaly was noted. The 
data illustrated in Fig. 32 are the lowest values recorded 
during the pass, seemingly below the estimated maximum 
value of 0.07. The nominal value of 0.04 was verified with 
the Project for good telemetry which allows minimum 

cated by the PER printout on the engineering telemetry noted on Pass 144 at DSS 61 (Fig. 32) was apparently 

The Deep Space Station coded mode of operation 
probability of error-the decoding bit error rate print- 
out-is illustrated in Figs. 29-34. From the decoding 
computer, the probability of error appears on the engi- 
neering data printout and is sent in real-time to the 
SFOF. The nominal value is verified with the Project. 
The variation in system temperatures is among the causes 
affecting the probability of error data; further analysis 
verifies the telemetry performance at the stations. 

2. Recorded datu. Figure 29 graphically displays the 
November 1968 parity error rate along with the applicable 
bit rate modes. The figure also illustrates that all stations 
recorded below nominal values at the telemetry bit rate 
mode of 512 bits/s. The exception to those passes in 
which a high PER was obtained and defined is listed in 
Table 27. 

Figure 30 illustrates that almost all stations recorded 
below nominal values at the telemetry bit rate mode of 
512 bits/s in December 1968. The exception to those 
passes in which a high PER was obtained are also found 
in Fig. 30. 

A slight increase in parity error rate at Deep Space 
Stations 12 and 62 was probably due to switching be- 
tween the uncoded mode to the coded mode of operation. 
In addition, telemetry command processor spurious inter- 
rupts were prevalent at both stations and real-time 
telemetry data was lost. 

On pass 28 at DSS 51, a very high R was indicated 
because of a frequency and timing subsystem problem. 
The station reported that no accurate station time was 
available for the telemetry command processor. 

computer reduction time at the ARC. 

The probability of error data appears consistent be- 
tween the stations at 64 bits/s and 16 bits/s. However, 
the variations in system temperatures and other unknown 
causes apparently affect the data, as illustrated in Fig. 32. 
The effect of the polarizer installation on the probability 
of error data started on passes 119 and 132 at Deep Space 
Stations 42 and 61, respectively. 

Figure 33 illustrates the probability of error in the 
coded mode of operation at the Deep Space Stations 
during April 1969. The data illustrated in Fig. 33 repre- 
sent the lowest values recorded during the pass for the 
specific bit rate. The data appear to vary between the 
stations at 16 and 8 bits/s in the coded telemetry mode. 
The variation in the uncoded and coded telemetry at 
16 bits/s at DSS 12 is shown on pass 153. Further analysis 
of the probability of error data is required to verlfy the 
telemetry at the station because of system temperature 
variation and the traveling-wave maser 1 and 2 
temperature. 

The probability of error in the coded mode of operation 
at the Deep Space Stations during May 1969 is shown in 
Fig. 34. A higher probability of error on pass 185 at 
DSS 61 was noted. No reason for this anomaly was 
indicated. The data appear to be consistent between the 
stations at 16 bits/s and 8 bits/s. owever, the variation 
in system temperatures and other unknown causes ap- 
parently affects the probability of error data as illustrated 
in Fig. 34. Deep Space Station 14 was able to track at 
256 bits/s and 64 bits/s in the uncoded mode, but the 
station had problems when the spacecraft was placed in 
the coded mode of operations. 
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eceiver signal strength. The down-link signal 
strength values are plotted in Figs. 35 and 36 to graphi- 
cally illustrate the characteristic trends, if any, of indi- 
vidual station performances. The predicted down-link 
signal strength curve is shown superimposed over the 
actual down-link signal strength values to determine the 
accuracy of the predictions. The signal strength values 
presented after the partial Type I1 orientation at DSS 12 
on pass 2 indicated an approximate 5-dBmW improve- 
ment. Also, after pass 4, DSS 62 indicated an average 
signal strength slightly below that predicted. Deep Space 
Station 12 indicated an improved signal strength starting 
on pass 15, but returned to the normal trend on pass 18. 
The possible types of precalibration countdowns used 
were investigated. 

Deep Space Station 12 values are slightly above the 
predicted curve in most cases; DSSs 41 and 62 are close 
to 2 dBmW below prediction. (See Fig. 36.) Since there 
was an approximate 2-dB difference between the maser 
and the paramp, DSS 41 changed reported paramp signal 
strengths by 2 dBmW on passes 42 and 43. On pass 47, 
DSS 62 found a loose connector in the cable wrap-up 
portion of the antenna, which accounted for a 2-dBmW 
better signal strength. 

The engineering data processed by the telemetry com- 
mand processor have an assigned up-link value of - 153 
dBmW for one-way track. The assigned up-link value of 
-153 dBmW is of no consequence and therefore is not 
listed for one-way passes. 

33-426, VOh. IV 



ency lction 

Plots of the measured auxiliary oscillator and the best- 
lock frequencies (channels 6 and 7) are illustrated in 
Figs. 37-59 for the purpose of evaluating predictions 
supplied by the Project at the ARC. The predicted curve 
is superimposed over the actual frequency data so that 
an adjustment can be made when the actual data differ 
significantly with predictions. 

The acceptable tolerance is 1000 Hz. After a study by 
the Pioneer Project, a new prediction curve was made 
for the auxiliary oscillator for April 1969 because the 
predictions differed substantially from the actual values 
in January, February, and March 1969. 

A lack of early data resulted when there were few 
acquisitions performed by the Deep Space Stations. With 
the spacecraft maintained in the two-way lock, transfers 
between the Deep Space Stations were accomplished. 
No data points were available in those cases. Table 28 
presents the variations of frequency from the prediction 
for November through June 1969. 

1. Explanation. The fitterate program is an SDS 930 
computer program which processes tracking data handling 
(TDH) subsystem data in posttrack time for purposes of 

table 28. Approximate variation of frequency 
from prediction 

Period 

NOV 1968 

Dec 1968 

Jan 1969 

Feb 1969 

Mar 1969 

Apr 1969 

May 1969 

Jun 1969 

Frequency, Hs 

Auxiliary Channel 6 Channel 7 
oscillator besf-lock besblock 

75 25 15 

25 35 15 

- 25 25 

- 25 25 

- 25 25 

200-400b No acquisition 25 

a 

a 

a 

25 No acquisition 5-20' 

25 10 10-206 

Under study: 

*Auxiliary frequency t{end deviation from predicted value too great; offset by 

bDeviation from new predicted value made after study. 

CData lower than predicted freauency by approximately 5 to 20 Hz; more 

dData frequency within 10 Hz except for o few data points that l ie  within 

approximately 1000 Hz. 

satisfactory curve approximately 10 Hz below indicated predicted curve. 

20 Hz. 

quality analysis. For an interval of legal (correct, not 
garbled or distorted) printed doppler data with a constant 
sample interval, 1-s doppler frequencies are calculated 
and fitted by a least-square technique (with a polynomial 
of the degree n, where n may range from 1 to 9). Residual 
differences between the actual data and the curve of the 
least-squares polynomial are calculated, then the standard 
deviation about the curve is calculated. All residuals are 
tested to see whether they exceed 3.57; if they do, the 
corresponding points are discarded and a new curve 
fitted to the remaining data. This process is repeated 
until all residuals for the last curve pass a 3.50 test. 
Where data for one pass need to be processed in multiple 
intervals, a composite u is calculated according to the 
weighted rss formula: 

/ 

where 

ai = number of points in i interval 

~i = standard deviation for the final curve for the ith 
interval 

n = number of intervals for the pass 

2. Fitterate analysis. A list of the fitterate runs made 
during the period of this report (the fitterate was not 
employed in May and June 1969) is presented in Table 29. 
The fitterate runs were made to determine a value in 
which to adjust the pseudo-residual data. 

The table is broken down by sample rate and month. 
Columns are provided for the station number, the pass 
number, the day of the current year, the time interval 
over which the doppler points were received, the actual 
number of points processed, the number rejected on 3.5- 
(a = standard deviation), the rejection criterion, the num- 
ber rejected, and the noise computed by the fitterate for 
the given run. The doppler noise data appeared normal. 

The fitterate program report for January 1969 notes 
that the interim monitor program tapes (data input 
sources for fitterate analysis) from DSS 12 were not 
received after pass 32 because of the phase 1 monitor 
checkout. This condition continued. An excessive number 
of input rejections on pass 57 at DSS 62, which were a 
result of data time outages, were also investigated. A 
check of the TDH tape received in the data package 
indicated there were no time outages present. 

1 %  
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0 
0 

44 
22 

0 
4 

17 
6 
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485 
173 
47 1 

485 
369 
29 1 

463 

0.002 
0.003 
0.003 
0.002 
0.004 
0.003 
0.004 
0.004 

42 
42 
62 
42 
42 
42 
12 
42 

03 315 
04 31 6 
06 318 
07 319 
13 325 
19 33 1 
23 335 
29 341 

62 39 35 1 1635:02 1647:13 724 2 1 0.005 

T =i 
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42 25 337 
62 33 345 
62 39 351 
62 54 366 

2327:02 0234:02 137 2 35 0.004 
041 0:02 1 159:02 454 0 1 2  0.004 
1237:02 2006:02 418 3 5 0.004 
1233:02 1634:02 240 1 0 0.003 
1 1 16:02 181 9:02 - 2 0 0.004 
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42 80 26 
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42 
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110 
1 1 1  
113 
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045 
045 
048 
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05 1 

0511052 
056 

0561057 
0581059 

117 
124 
124 
130 

6213 
70 
69 
76 

138 1 84 145 90 

703 
696 
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709 

71 7 
728 

0002:02 
0732:02 
01 13:02 
071 3:02 
0730 
0733:02 
0729:02 
2225 
0034:02 
2230 
2214 

3 0 
1 0 
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0 0 

0 0 
0 2 

March, 1 -s sample rate 

263 
51 1 
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131 
350 
35 1 
339 
313 

2357:16 
0954:25 
2347:OO 
0954:25 

0930:54 
2309:55 

0 0 0.0053 
0 0 0.0069 
4 1 0.0049 
1 0 0.0049 
0 3 0.0045 
0 4 0.0053 
1 2 0.0054 
0 8 0.0094 
0 4 0.0059 
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0636:02 
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1056 
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0637 

42 

61 
42 
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120 
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145 

March, 1-min sample rate 

42 

61 

152 97 2310:Ol 23 1 5:09 309 0 0 0.1 21 
166 1 1  11112 2255:ll 2304:19 547 2 0 0.1 17 
173 118 2247:54 2300 71 8 7 0 0.1 30 
151 97 0917:Ol 0928:39 69 1 4 3 0.1 15 
158 104 091 0:26 0922:27 72 1 1 0 0.1 22 
172 118 0901:06 09 1 2:54 636 10 1 0.1 54 

6213 
6314 
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6516 
72 

771% 
78 /9 
88/89 
9019 1 

42 
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2207 
2324 

147 92/93 2239 0442 357 1 5 0.007 
150 96/97 2318 0433 

1:j 
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29 1 
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375 
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504 

2 
3 
0 
5 
0 
17' 
7= 
6 
1 
2 
0 

5 
2 
1 

0 
0 
3 
7 
3 
1 
5 
0 

0.0060 
0.0059 
0.0058 
0.0053 
0.0062 
0.0044 
0.0054 
0.0058 
0.0056 
0.0095 
0.0056 

0.087 
0.0794 
0.079 
0.1 19 
(Unex- 
plained) 

0.092 
0.095 
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115/116 
1 1 7/11 8 

11 8/119 
93 
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1 04 
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115 
116 
118 

2318 
001 3 
2254 
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2321 
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051 6 
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061 6 
0548 
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0907 
1104 
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1145 
0900 

289 
244 
318 
307 
299 
283 
293 
101 
212 
320 
362 
319 
186 

“Bad data condition codes due to receiver out-of-lock conditions. 

*Missing data points due to Goldstone duplicate standard computer facilitler tape packing problems at 800 bitdin. 
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During March 1969, the standard deviation and actual 
1-s data noise appeared higher than nominal. An analysis 
of the data indicated the nominal value should be closer to 
0.095 Hz for a 12 dBmW signal strength above threshold. 

An increase in noise in the 1-min data during April 
1969 was a result of the apparent near-threshold con- 
ditions reached by the spacecraft-the conditions causing 
apparent receiver loss-of-lock. These conditions, however, 
seemed normal for the near-threshold conditions. 

1. Introduction. Type I1 orientation, inferior conjunc- 
tion, Mariner VI testing, a telemetry command processor 
lamp bank failure, and near-threshold conditions for the 
85-ft-diam antenna stations played some part in the 
doppler noise value during the period covered by this 
document. There was also a doppler trend special analysis. 

Figures 60-98 illustrate the data bias values computed 
by pseudo-residual analysis month by month. 

2. Two-way doppler data. The approximate two-way 
doppler data bias values for the first month (November 
1968) was near 0.0 Hz. However, during passes 2, 3, and 
4, the approximate bias was 6.6 Hz because of the 
amount of partial Type I1 orientation performed, which 
changed the spacecraft position and velocity vector. The 
new state vector used for passes 5-23 was an improve- 
ment over the older doppler bias, the doppler bias return- 
ing to near 0.0 Hz (Figs. 60 and 61). 

Missing data points generally resulted from the SFOF 
system and the monitor operational problems. However, 
the Goddard communications processor (CP) was down 
on pass 17. The approximate doppler bias values for 
December 1968 were from near 0.0 to 0.50 Hz. The 
low bias indicated that the state vector supplied was 
useful for operational Deep Space Station prediction 
during this interval. The missing data points resulted 
primarily from the SFOF IBM 7044 and CP problems. 
In addition, several D8 merge tape problems caused loss 
of pseudo-residual data. 

Figure 62 shows an estimate of the 1-min two-way 
doppler noise computed for November 1968. As indicated 
in the graph, estimates were generally lower than pre- 
dicted. The additional term added to the expected noise 
on doppler data was due to pseudo-residual computation, 
which could be defined as: 

where 

oc = corrected prediction due to Resid 

UResid = residual estimated noise, Hz 

uFIT = fitterate computer noise output, Hz 

In Fig. 62, the prediction model for pseudo-residual 
computation starts on pass 3. 

Figure 63 shows an estimate of the 1-min doppler noise 
computed for December 1968. All stations performed on 
or below the estimated noise level. However, several 
minor reported problems were noted (Table 30) that 
allowed the Deep Space Station to correct the TDH and 
the related subsystems in order to continue quality 
doppler tracking. 

The estimated noise level gradually increased until the 
return-trip light time reached 1 min. At approximately 
1-min return-trip light time, the estimated level reached 
0.010 Hz to a maximum for 5-min centered predictions 
and a high signal strength above threshold. 

See Figs. 64 and 65 for an estimate of the 1-s doppler 
noise computed for November and December 1968. The 
1-s data were taken at the meridian crossing for approxi- 
mately 12 min in a two-way coherent mode. The I-s data 
were taken weekly, accounting for the few data points. 
In November, most of the noise estimates indicated below 
the predicted nominal value, indicating the excellent 
quality of the doppler data. 

In December 1968 (see Fig. 65), the 10-s data on pass 
35 at DSS 12 was within the acceptable fitterate predic- 
tion (0.015 Hz). 

able 30. Two-way dop ler noise anomalies ( 
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Figure 66 illustrates the estimated doppler noise as 
derived from the residuals during January 1969. On 
pass 84 at DSS 42, the doppler noise value was esti- 
mated at 0.014 Hz. This value was above the predicted 
nominal value of 0.013 Hz, apparently a result of the 
inferior conjunction. 

Figure 67 illustrates the effects of the inferior conjunc- 
tion on the DSS 42 two-way coherent doppler. The dash 
part of the curve indicates a characteristic trend which 
occurred because of a higher system temperature. It may 
be possible to represent this dash curve by a form of an 
exponential equation such as 

u = AePT 

where: 

U = standard deviation 

A = some constant 

p = some constant 

T = system temperature ( O K )  

e = exponential 

This requires verification by a more detailed analysis. 
Since the inferior conjunction caused a much higher 
system temperature, a degradation in the SNR resulted. 
In Fig. 68, the SNR degradation range was from 3 to 
12 dB at the maximum (0.65) sun-earth-spacecraft inferior 
conjunction angle. 

The February 1969 estimated and nominal doppler 
noise values are illustrated in Fig. 69. The doppler noise 
values are below the nominal value of 0.013 Hz, which is 
based on a predicted interval of 10-min step size appear- 
ing on the D8 tape. The observed doppler data were 
differenced against the D8 tape (observed minus pre- 
dicted). The higher doppler noise value on pass 113 at 
DSS 42 was investigated by fitterate; no apparent prob- 
lem was noted with the data quality. 

The higher doppler noise value of pass 137 at DSS 42 
was investigated and the blunder points were noted at 
0138:02 with a magnitude of 10 Hz, and at 0141:02 with 
a magnitude of 120 Hz. The blunder points are illustrated 
in Fig. 71 and are noted by the HHHH on the noise and 
bias scale indicators. The doppler data indicate that the 
apparent cause of the blunder point was caused by the 
receiver adding counts, and not the doppler counter in 
the TDH subsystem. Other real-time residual illustrations 
are shown in Figs. 72, 73, and 74. 

In Fig. 75, the 1-s data for January 1969 illustrate that 
the stations apparently tracked below the nominal noise 
level of 0.100 Hz. This information was verified by a 
fitterate run on the data from pass 65 at DSS 62 (see 
Fig. 75). 

The 6- and 10-s data indicate that the data from 
DSS 12 was above nominal. This nominal noise level 
apparently was due to the maser problem and the inferior 
conjunction experienced during this period. 

The effect of the higher noise level at the Deep Space 
Station is illustrated in Fig. 76, but not enough data 
points were available to verify the noise-level trend. 
However, the equation u = AePT may be used for further 
analysis of the noise trend, as indicated in Fig. 77. 

In Fig. 78, the 1-s data for February 1969 illustrate 
that the stations apparently tracked on or below the 
nominal noise level of 0.100 Hz. The 6- and 10-s data 
were apparently tracked on or below the nominal noise 
level of 0.040 Hz. 

In Fig. 79, the 1-s data for March 1969 illustrate that 
the stations apparently tracked on or below the nominal 
noise level of 0.130 Hz. The quality of the data estimated 
appears to be good during March. This quality was 
verified by checking the fitterate output. An analysis of 
the fitterate output may be found in the fitterate portion 
of this document. 

A residual data point was lost due to Mariner VI test- 
ing and checkout at the SFOF. This data point is in&- 
cated in Fig. 69. 

oppler bias trend. The doppler bias for January 
1969 is illustrated in Fig. 80. The doppler bias ranged 
from approximately k0.6 to ~ 1 . 9  Hz. The low bias indi- 
cates that the state vector supplied was useful for the 
Operational Deep Space Station predictions* The March estimated and nominal doppler noise values 

are illustrated in Fig. 70. The doppler noise values were 
below the nominal value of 0.013 Hz except for pass 137 
at DSS 42. 

The doppler bias trend for February 1969 is illustrated 
in Fig. 81. The doppler bias ranged from approximately 



k2.0 to k2.77 Hz. The low bias trend indicates the state 
vector supplied was useful for the operational Deep 
Space Station predictions during this interval. Type I 
and Type I1 orientations were performed on pass 90 at 
Deep Space Stations 11 and 17. Because of the lack of 
tracking data, no analysis was made of the results of 
these orientations. 

I I 6 I 0.022 1 -165.6 I -130 

As shown in Fig. 82, during March 1969, the doppler 
bias ranged from approximately 1k2.6 to k3.1 Hz. The 
low bias trend indicates that the state vector supplied 
was useful for the operational Deep Space Station pre- 
dictions. 

Bandwidth, 

Hz 

12 

6 

The estimated and nominal doppler noise values for 
April 1969 are illustrated in Fig. 83. The predicted nomi- 
nal doppler noise value indicates an exponential grogth 
from 0.013 to 0.030 Hz (Figs. 83 and 84). This exponential 
trend is a result of the rapidly changing threshold condi- 
tion reached by Pioneer I X .  

Average 

doppler Down-link, Up-link, 

noise 2, dBmW dBmW 

Hz 

0.045 

0.022 - 165.6 -130 

Figure 85 is a residual plot for pass 146 at DSS 61. 
This figure illustrates the March 1969 doppler offset, 
which was apparently due to the telemetry command 
processor lamp bank failure. The doppler offset was 
observed and also noted in real-time by network analysis 
team (NAT) personnel. The doppler offset was due to 
the overload of the 1 pulse/s derived from the PC 141 
clock in the frequency and timing subsystems. This fail- 
ure was corrected by DSS 61 and did not reappear after 
pass 152. 

Bandwidth, 

Hz 

The higher noise value started on pass 162 at Deep 
Space Stations 42 and 61 because of the rapidly approach- 
ing threshold conditions. A theoretical nominal curve was 
provided to estimate the bounds of good data (see Fig. 
84). The higher doppler noise estimates experienced 
appear to be an exponential curve which theoretically 
follows the threshold conditions when using a 2 BLO of 
the 12-Hz bandwidth. 

Average 

doppler Down-link, Up-link, 

noise 2, dBmW dBmW 

On pass 173, DSS 12 experimentally changed from the 
2 BL, of 12-Hz bandwidth to the 2 B,, of 3-Hz band- 
width. An apparent imrovement in doppler noise was 
evident on passes 173 and 174 because of the 3-Hz 
bandwidth. 

12 

In Fig. 86, ,the 1-s data illustrate that the stations 
apparently tracked on or below the nominal noise level 
of 0.13 Hz until pass 160. The small growth in the nomi- 
nal noise value from 0.21 to 0.25 Hz was a result of the 
threshold conditions. 

Hz 

0.045 

The April 1969 doppler bias trend is illustrated in 
Fig. 87; the doppler bias ranged from approximately 
t 2 . 9  to k1.80 Hz. The low bias trend indicates that the 
state vector supplied was useful for the operational 
Deep Space Station predictions. 

The two-way doppler data are illustrated in Fig. 88 
for May 1969. A higher noise trend between passes 176 
and 190 is shown. After pass 190, the noise decreased 
significantly; i.e., from an average of 0.020 Hz to 0.010 Hz. 

Decrease in noise apparently resulted from the use of 
a 3-Hz bandwidth. On pass 197 at DSS 12, the signal 
strength above threshold was less than 10 dB. On this 
pass, a special test was conducted at a different receiver 
2 BL, bandwidth. The results of the average noise are 
estimated in Table 31. There is an apparent decrease 
in noise at 3-Hz bandwidth. 

able 31. Pioneer I>( receiver b ~ ~ ~ w i  

The doppler bias trend for May is illustrated in Fig. 89; 
the doppler bias ranged from approximately 1.9 Hz to 
*0.9 Hz. The low bias trend indicated that the state 
vector supplied by the orbit determination group was 
useful for the operational Deep Space Station predictions. 

The June 1969 two-way doppler data are illustrated in 
Fig. 90. Generally, the noise was below the estimated 
nominal value; however, the higher noise on passes 213, 
227, and 229 at Deep Space Stations 12 and 42 was 
apparently due to the use of the 12-Hz bandwidth above 
the threshold. The doppler bias trend for June 1969 is 
illustrated in Fig. 91; the doppler bias ranged from 
approximately - 1.0 to - 1.34 Hz. 

Figure 92 illustrates the actual decibels above threshold 
during June. The lower SNR at DSS 42 was apparently 
a result of the use of the 12-Hz bandwidth during passes 
226, 227, 229, and 232. An 8-dB margin with the 3-Hz 
bandwidth occurred on pass 231 at DSS 42. Since a 
margin of 3 to 5 dB was indicated for a 12-Hz bandwidth, 



a 3-dB improvement is valid when using a 3-Hz band- 
width configuration. The data deviation appears to be 
within the tolerance of k 3  dB. 

4. Doppler trend special analyysis. An early doppler 
trend was noted in January at DSS 12 (Fig. 93). Also, a 
similar trend was noted at DSS 61, but near the end of 
the pass (Fig. 94). The problem was investigated by the 
orbit determination and the SDA groups. The investiga- 
tion included the station locations, and the refraction 
model was used in reducing data. The areas of investi- 
gation were radius and longitude uncertainties in station 
location, and estimated index of refraction (DSS 12, 
N = 240). The index of refraction for pass 61 at DSS 12 
could not be calculated because of a lack of temperature 
and barometer readings. 

Then, during the February 1969 report period, a new 
problem developed, as illustrated in Fig. 95. increase 
in the doppler bias cusp trend near the end of the track 
was believed to be a result of the index refraction cor- 
rection stored in the prediction program. The index of 
refraction is equivalent to N N  = 360 for Pioneer ZX pre- 
dicts. It appeared that N N  = 240 could better approxi- 
mate the index of refraction correction for the higher- 
altitude stations, such as Deep Space Stations 12, 61, 
and 62. Plans were continued to check N N  = 240 for 
future prediction purposes. 

In addition to the station-location uncertainties, Fig. 
96 indicates that the early-late doppler trend was pos- 
sibly due to use of the D8 tape; that is, a channel 6 D8 
tape was used when tracking two-way coherent data on 
channel 7 or vice versa. 

Figure 97 illustrates a single precision orbit determina- 
tion program plot of true residuals. These residuals are 
the difference between the actual tracking data and the 
calculated data from the orbit determination process. 
The plot labels for Fig. 98 are CC3 for two-way data 
(Hz) vs time starting at 0600:Ol. 

On pass 132 at DSS 61, the doppler shifted at approx- 
imately 1020 GMT (Fig. 97). This problem was noted 
by the station and verified by the pseudo-residual illus- 
trations. This failure was a result of a faulty lamp bank 
readout at the telemetry command processor. The block 
diagram of the configuration here explains how this fail- 
ure can be detected by the doppler counter. Because of 
a faulty lamp bank in the telemetry command processor, 
an apparent overload on the 1 pulse/s at the doppler 

counter shifted the doppler frequency as indicated in 
Fig. 97. The SDA investigated. 

Figure 98 is a residuals plot for pass 183 at DSS 14 
illustrating several blunder points at 102(H), 240(H), and 
120(L) cycles. The blunder points are shown by the 
letters H and L in the doppler bias. The blunder point 
effect is a long string of H H H H H H H  in the doppler 
noise due to the size of the noise estimator table (15 
points were used in computing the noise). The double- 
sided H and L blunder points were apparently the result 
of a problem in the doppler counter or timing subsystem. 
The doppler offset at approximately 2137 GMT was 
apparently a result of the prediction and pseudo-residual 
interface problem of interpolation. 

FREQUENCY 
AND TIMING 
SUBSYSTEM 

TELEMETRY 
COMMAND 
PROCESSOR 

1 1-i 1 pulre/s % % K  I 
(SEE NOTE) CLOCK 

DOPPLER 
COUNTER 

I 
NOTE 

LAMP BANKS ARE REMOTE 
INDICATORS LOCATED 
AROUND CONTROL ROOM 

E. Metric Data 

An analysis of the Pioneer I X  anomalies for June 1969 
only is presented in this section. A summary by pass 
number of the Pioneer ZX metric performance is given in 
Table 32. All column headings are self-explanatory except 
Pnoise (dBm) and the text/plot number. The noise power 
Pnoise at receiver threshold is used to compute the SNR 
(decibles above receiver tracking threshold). The receiver 
can maintain a very narrow noise bandwidth (with values 
ranging from 3 to 152 Hz) centered around the received 
carrier, or IF, frequency. 

The VCO phase lock loop tracks the incoming signal 
as shifted by the presence of the doppler. The doppler 
extractor continuously provides the two-way doppler 
frequency, a 1-MHz bias, as present on the received 
carrier frequency. The doppler shift is accumulated by a 
frequency counter. The noise in the counted doppler is 
thus correlated to the amount of phase jitter appearing 
on the detected carrier frequency. 
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The noise power at receiver threshold is computed as 

and the SNR (decibel margin above receiver threshold) as 

where 

Pnoise = noise power at receiver threshold, dBmW 

K = Boltzmann constant (1.38X lez3 W-s/deg) 

T ,  = effective system noise temperature, OK 
P ,  = received signal level, dBm 

BW = received noise bandwidth, Hz 

Any difference between Pnoise calculated and the re- 
ceiver threshold measured at the station is due to the 
tolerances of the measuring equipment, which have been 
given as k 3  dB. 

An example of the actual noise power and the SNR per 
values recorded for pass 221 at DSS 42 is as follows: 

Pnoise = lOlog [ KT;dB_W)] 
1.38 X W-s X 48.3"K X 3 

xdegxs Pnoise = 10 log 

Pnoise = 10 ( -23  + 0.14 + 1.68 +0.478 + 3) 

Pnoise = -176.4 dBmW (site log is 176.1 dBmW) 

Then 

SNR = (Pc )  - (Pnoise)  

SNR = -166.0 - (-176.7) 

SNR = 10.7 dB (natural log 10.1 dB) 

Because of the small differences as noted, Table 32 
contains the actual receiver threshold value reported by 
the Deep Space Stations for Pnoise along withthe actual T,. 

The text/plot number gives the text paragraph number 
covering the system failure/anomaly explanation and the 
number of any figure associated with the explanation. 

Explanations for the symbols contained in the text/plot 
number column are as follows: 

(3a) Receiver malfunctions occurred throughout the 
pass. The station acquired the spacecraft by using 
a 12-Hz bandwidth, but tracked using the 3-Hz 
bandwidth. 

(3b) A special test was carried out to obtain optimum 
polarization angle data. During this unscheduled 
track, the station was unable to use telemetry 
command processor alpha and beta computers 
together. The telemetry command processor beta 
computer operated normally in the emergency 
mode. The measured readings from the special 
test are listed in Table 33. 

(3c) The doppler data were noisy during this pass; 
consequently, a suspect card was written. In 
addition, there was difficulty with the VCO 
counter of the station. 

(3d) The station had trouble in acquiring the space- 
craft because of a bad frequency shifter in the 
doppler extractor (TFR-141700). The frequency 
shifter 57/221 module was replaced and the track 
continued. 

(3e) The declination angle on the TDH printout read 
5.6 deg because of a Datex problem at the site. 
The Datex angle binary-coded decimal output 
was in error. This error was an input to the TDH 
at the site; consequently, the angle error was sent 
to the SFOF. 

easured readings 

I I I I 

Polarization I angle, deg 
Azimuth, Elevation, I deg 

Time I 
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. I  
The plans, requirements, data, and performance analy- 

sis for the Tracking and Data System (TDS) support of 
Pioneer E are covered in this part of the report. The 
period covered is from the beginning of the prelaunch 
phase, July 18, 1969, through the 438 s of flight, August 
27, 1969. At that time, a destruct signal was transmitted. 
Pioneer E ,  the fifth spacecraft in the second Pioneer 
generation, was the only failure (launch vehicle failed). 

Primary concern of this document is the activities of 
the Deep Space Network (DSN), managed by the Jet 
Propulsion Laboratory at Pasadena, Calif., in support of 
the Pioneer E flight. The Pioneer Project required the 
DSN to establish down-link signal acquisition and telem- 
etry demodulation not later than L + 1 h. The DSN had 
the support responsibility throughout the life of the 
Pioneer E spacecraft. 

General information on systems, facilities, and activities 
and Project history is given in the main part of this 
volume. 

A. Pioneer E Mission 

The Pioneer E spacecraft was essentially identical to 
Pioneer ZX that was launched in November 1968. How- 
ever, the trajectory of Pioneer E was designed to keep 
the spacecraft near the earth for approximately 900 days 
instead of traveling directly into an inward or outward 
orbit around the sun. This orbit would have enabled the 
spacecraft to investigate interplanetary phenomena in 
the vicinity of the eqrth and to transmit data at 512 bits/s 
for almost 3 yr. To accomplish this, the spacecraft neces- 
sarily would have needed to be within 1.32 X lo7 km of 
the earth and within 4 X lo5 km of the ecliptic plane. 
The heliocentric orbit constraints of the mission were 
as follows: 

(1) N6 earth or moon impact. 

(2) Orbit inclination less than 0.2 deg with respect to 

(3) Heliocentric radius > 0.76 < 1.07 AU. 

the ecliptic. 

equirernents, and Support 

The Pioneer E test schedule underwent several changes 
because the launch date was changed from June until late 

August, and the DSN was heavily loaded by Mariner 
Mars 1969 and Apollo activities. The tests completed 
prior to June were in preparation for a June 18, 1969, 
launch readiness date. Since these tests had been com- 
pleted satisfactorily, some were not rerun in August. 

Actual prelaunch preparation began upon arrival of 
the Pioneer E spacecraft at AFETR on July 18, 1969. 
The spacecraft was set up and system tests were begun 
within 20 working days. After the spacecraft was inte- 
grated with the third stage, they were placed on the 
launch pad at Complex 17-A on August 13, 1969. 

The TDS operations organization for Pioneer E was 
nearly the same as for Pioneer I X .  Two exceptions were 
as follows: the MSFN station at Honeysuckle Creek, 
Australia, was to be the prime backup station for initial 
acquisition; and the DSN was to participate with the 
MSFN in an engineering demonstration of S-band sup- 
port to MSFN downrange stations. This was designed 
to provide real-time transmission of spacecraft telemetry 
data through a high-speed data line to the SFOF, where 
arrangements had been made to display the data for the 
Pioneer Project. This required an additional interface 
through the track chief and the DSS 42 station director 
with the MSFN station at Honeysuckle Creek. The DSN 
Operations Control Center (OCC) had an additional inter- 
face with the network controller at GSFC. 

SN readiness test. The DSN readiness test on 
August 11, 1969, was programmed to exercise the data 
flow paths to be used in the launch and future tests. The 
participants in the test were the communications and 
operations personnel of Building AO. The simulated 
tracking data prepared earlier by the RTCF at AFETR 
were transmitted from the Building A 0  communications 
center, with the DSN spacecraft telemetry data being 
back fed from the SFOF to Building AO. Only problems 
of a minor nature were encountered. These were cor- 
rected by the first operational readiness test. 

perational readiness tests. The first operational 
readiness test in preparation for launch was performed 
on August 14, 1969. Elements of the AFETR, the MSFN, 
and the DSN, as well as Pioneer Project personnel from 
Building AE Mission Director’s Center (MDC), partici- 
pated. An August 20, 1969, launch, with a liftoff of 



2210:18 on a flight azimuth of 108.0 deg, was simulated. 
Despite several problems experienced by the near-earth 
TDS, the test was considered satisfactory. The more sig- 
nificant problems are summarized below. 

a. Minus count problems. The JPL voice circuits to 
Buildings AE and AM and to the SFOF were at a low 
level. The initial level adjustment was made with Build- 
ing AE; however, when Building AM was added to the 
network, the circuits were again at a low level. After 
two adjustments, the level was good. The teletype dis- 
tributor at Building A 0  was distorted and patched out. 
The problem was subsequently attributed to power 
supply filtering. 

b. Plus count problems. The Grand Turk computer, 
which processed low-speed tracking data, malfunctioned 
and Building A 0  did not receive any of the tracking data 
from that station; static point was generated instead. The 
high-speed data from the Grand Turk station were avail- 
able and were used in the calculation of the parking orbit 
elements. The Bermuda tracking data were unusable 
because the ground elapsed time was used instead of 
GMT. The Apollo Instrumentation Ship (AIS) Vanguard 
did not receive the Pioneer simulation tape in time for 
the test. 

The Building A 0  transmit teletype circuit malfunc- 
tioned, leaving only two circuits. Although the trouble 
was not found, the line cleared. Necessary correctional 
measures were coordinated with each element as re- 
quired. The corrections were completed by the final oper- 
ational readiness test on August 21, 1969. 

inal operational readiness test. This test was ac- 
complished satisfactorily. The minor problems encoun- 
tered in the plus count follow: 

(1) The RTCF 3600A computer was not operationally 
ready at T + l 6  min; it was back on line at T+40 
min. The 3600B computer carried the load, with 
minor delays. 

Following the final operational readiness test, 
Deep Space Stations 42 and 12, and Honeysuckle 
Creek, Australia, underwent a Pioneer configura- 
tion control test. The spacecraft system compatibil- 
ity test was performed in conjunction with DSS 71, 
Building AM, and JPL/SFOF to establish RF com- 
patibility of the spacecraft with a typical Deep 
Space Station. 

4. Telemetry tests. The DSN and MSFN collaborated 
to develop the capability of transmitting both 64- and 
512-bits/s telemetry data from Carnarvon, Australia, 
and the MSFN downrange stations (Merritt Island, Grand 
Bahama, Antigua, Ascension, and the Apollo Instru- 
mentation Ship Vanguard). This capability was planned 
on a demonstration basis from launch through the end 
of the Carnsrvon view-period. In preparation for this 
support, the following integration, compatibility, and 
readiness tests were run: 

(1) Three engineering data flow tests consisted of: 
integration of the telemetry detection equipment, 
the on-site computer software at the network test 
and training facility, and the 7044 MMT Pioneer/ 
Mariner software and display devices at JPL. 

(2) One compatibility test verified the compatibility 
of the hardware-software system interfaces be- 
tween Carnarvon and JPL/SFOF. 

(3) One DSN system readiness test verified the opera- 
tional readiness of the high-speed data system to 
send telemetry to the SFOF and the subsequent 
processing and distribution to displays. 

5. Telemetry test results. All tests were satisfactorily 
performed, with only three significant problems arising. 
These were as follows: 

(1) The station demodulator locked on the data bar; a 
procedural correction was established whereby the 
station inverted the data at the bit synchronizer. 

(2) The data transmission unit at GSFC, which inter- 
faced with the network support team monitor 
program, was unable to hold lock on the data 
stream. This was corrected by the insertion of a 
special sync word (24 bits) in the automatic data 
switching system filler block. 

(2) Concurrent launch support by the AFETR re- 
quired the use of the 3600A computer, with addi- 
tional delays. 

- .  
(3) An attempt by the RTCF to transmit predicts for 

DSS 42 at T+60 min to Building A 0  failed be- 
cause of a computer problem; retransmission 20 
min later was good. The RTCF problems did not 

(3) The SFOF internal coordination of the high-speed 
data operations was unsatisfactory, but this prob- 
lem was also corrected. 

cause delays that hampered timely support. The 
problems were satisfactorily resolved before launch. 

All three of the corrections proved satisfactory during 
operational readiness test 1 on August 14, 1969. 



6. Ggnificant prelaunch actkities. Activities that were 
significant during prelaunch were as follows : 

(1) April 14: final experiment calibration. 

(2) May 12: FPAC acceptance at SFOF. 

(3) May 15: SPAC/SSAC acceptance at SFOF. 

(4) May 16: SFOF integration 2. 

(5) July 18: receive EGSE. 

(6) July 18: receive spacecraft at AFETR. 

(7) July 23,24: DSIF-spacecraft compatibility test. 

(8) August 11: DSN system readiness test. 

(9) August 13: mate spacecraft third stage to Delta. 

(10) August 14: operational readiness test 1. 

(11) August 19: DSIF-spacecraft compatibility test (on 

(12) August 21 : operational readiness test 2. 

(13) August 25: countdown initiation. 

(14) August 26: third-stage servicing. 

(15) August 26: second-stage propellant servicing. 

stand). 

(16) August 26: first-stage fueling. 

(17) August 27: tower removal. 

(18) August 27: LOX fill. 

S@ S 

Pioneer launch phase major events and methods of 
evaluation are covered in the main part of this volume. 

ear-Earth TDS Requirements 

The overall near-earth TDS requirements are shown 
in Table A-1. The earth track is illustrated in Fig. A-1. 

8. AFETR kequirements 

1. Tracking cwerage requirements.' The Class I re- 
quirements for C-band, VHF, and S-band tracking cov- 
erage during the Pioneer E mission near-earth flight 
phase are presented in Table A-2 and illustrated in 
Fig. A-2. 

Table A-1. Near-earth TDS requirements 

Station 

Merritt Island 

Cape Kennedy 

Patrick AFB 

Grand Bahama Island 

Bermuda 

Grand Turk 

Antigua (USE) 

Antigua (AFETR) 

Ascension (AFETR) 

Ascension (USB) 

Vanguard 

Pretoria 

Tananarive 

Carnarvon 

Honeysuckle Creek 

DSS 42 

DSS 51 

Telemetry 
~ 

Second stage 

USB 

AE 
STS 
- 

USB 

X 
- 
X 

X 

X 

X 

X 

X 
X 

X 
- 
- 
- 

Third stage Spacecraft 

USB 
CIF 

DSS 7 1  
STS 
- 
USB 
- 
- 
X 

X 

X 

X 
X 

X 
- 
X 

X 

X 

X 

Tracking 

C-band I S-band 

19.1 8 

- 

0.1 8 
- 
x 

7.1 8 
- 
- 

12.1 8 
- 
X 

13.16 

X 
- 
- 
- 
- 
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Table 

Station 

a 15-day epoch based on the actual solar orbital 
elements. 

Vehicle stage 

Data 

C-band radar 

VHF telemetry 

S-band telemetry 

Coverage interval 

SECO' to SECOf60 s 

separationb 
Third-stage burnout to third-stage/spacecraft 

Second stage (234.0 MHz): 
1-2 min to SECO 

Third-stage spinup through third-stage 
separation 

Third stage (2250.5 MHz): 

Spacecraft (2292.04 MHz): 

Spinup-30 s through spacecraft separation 

Shroud separation to second-stage cutoff 

Third-stage spinup to third-stage/spacecraft 

+120 5 

separation 

ESECO = surtainer engine cutoff. 

%This i s  a Class II requirement, but is shown here because of its relative 
importance. 

2. AFETR Real Time Computing Facility. The re- 
quirements for the AFETR Real Time computing 
Facility were as follows : 

(1) Parking orbit elements, injection conditions, and 
inter-range vector based on actual parking orbit 
C-band radar tracking data. 

(2) Theoretical solar orbit elements, injection condi- 
tions, and inter-range vector based on parking orbit 
and nominal third-stage performance. 

(3) The DSN predicts for Carnarvon, Deep Space 
Stations 51 and 42 based on the parking orbit and 
nominal third-stage performance. (The DSS 42 pre- 
dicts were fo be transmitted to the MSFN Honey- 
suckle Creek station.) 

(4) Actual solar orbit elements, injection conditions, 
and inter-range vector based on post-solar-orbit 
injection C-band radar tracking data. 

(5) The DSN predicts for Deep Space Stations 51 and 
42 based on actual solar orbit. 

(6) Actual solar orbit elements, injection conditions, 
and inter-range vector based on DSN metric data. 

(7) Heliocentric orbital parameters based on actual 
solar orbit. 

(8) Standard orbital parameters message based on each 
orbital element solution; in addition, a solution for 

3. G-band tracking. The AFETR configured its radar 
support of the launch vehicle as indicated in Table A-1. 
Each radar was assigned to track a specific vehicle bea- 
con and to switch to the other beacon only if its assigned 
beacon was not trackable. The assignments were as 
follows : 

Patrick AFB (0.18) 
Merritt Island (19.18) 
Grand Turk (7.18) 
Ascension (12.18) 
Pretoria (13.16) 

Second 
Third 
Second 
Third 
Third 

The Ascension and Pretoria radars were committed on a 
limited basis because of the unavailability of complete 
trajectory information. 

4. Computed data. The metric and acquisition data 
flow requirements are indicated in Figs. A-3 and A-4, 
respectively. The RTCF was configured to provide the 
computed data requirements as already outlined. A 
standard orbital parameter message with an epoch of 
15 days was to be used instead of a heliocentric orbital 
parameter message for the Pioneer E mission. The stan- 
dard orbital parameter message was used because one of 
the objectives of the Pioneer E spacecraft trajectory was 
to go into a heliocentric orbit near the earth for 900 days 
or more. Even though this was a hyperbolic orbit as seen 
from the earth, in many respects it resembled an elliptical 
orbit around the earth. 

The standard orbital parameter message, rather than 
the heliocentric, was used because it was determined 
that the standard could give a better indication as to the 
normalcy of the Pioneer E spacecraft trajectory and how 
long the spacecraft would stay within the vicinity of the 
earth (1.32 X lo7 km). The standard orbital epoch was 
chosen at L + 15 days because, by this time, the gravita- 
tional perturbations on the spacecraft would be minimal 
and the orbital elements would be easier to evaluate. 

The RTCF was to provide the MSFN with acquisition 
data as follows: (1) inter-range vectors to Carnarvon, 
Honeysuckle Creek, and Vanguard; (2 )  frequency pre- 
dicts to Carnarvon and Honeysuckle Creek; and (3) launch 
trajectory data to Bermuda for acquisition. 
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The data, either from Grand Turk or Bermuda, were 
to be used for computing the parking orbit elements. 
The Pretoria data were to be used for computing the 
solar orbit. The data from Tananarive and the AIS 
Vanguard would also be used if required. 

2. Computed data. The MSFN was required to pro- 
vide the following: 

5. Launch vehicle telemetry. The launch vehicle 
telemetry support was to be provided by Antigua, Ascen- 
sion, and Pretoria. There was to be a gap in the coverage 
between Antigua set and Ascension rise. The AIS 
Vanguard was scheduled to cover the gap between the 
Ascension set and the Pretoria rise. The real-time re- 
transmission to Cape Kennedy (Building AE) of the 
second- and third-stage telemetry was to be accomplished 
by Antigua. Ascension and Pretoria were to retransmit 
selected channels from the second- and third-stage telem- 
etry links in real-time to Building AE. On Merritt Island, 
Tel-4 was to monitor and control the overall AFETR 
telemetry operation. 

6.  Spacecraft telemetry. No definite commitments were 
provided by the AFETR because of a lack of valid 
antenna patterns. This was not a change from previous 
Pioneer launches when a facility commitment was deemed 
acceptable. The support was to be provided by Antigua, 
Ascension, and Pretoria. 

. GSFC Requirements 

1.  6-band tracking. The MSFN was configured to 
provide C-band radar beacon tracking, recording, and 
transmission of the Delta second and third stages as 
follows: 

(1) Prelaunch nominal acquisition data, as well as real- 
time acquisition data (to include KSC/ULO at 
AFETR and AFWTR), to participating MSFN 
stations. 

(2) Second-stage orbital parameters (within 2 days 
after launch) to Delta project office. 

(3) Pioneer E and TETR-C predicted view periods for 
all MSFN stations and DSS 51 from L + 2  to 
L f 3 0  days to the Pioneer Project. 

3. Launch vehicle telemetry. The MSFN sites as indi- 
cated in Table A-1 were to receive and record data on 
the Delta second-stage telemetry link. Tananarive and 
the AIS Vanguard were to receive and record data on the 
Delta third-stage telemetry link and, in addition, retrans- 
mit selected parameters of the second- and third-stage 
telemetry links to Building AE at Cape Kennedy. 

4. Spacecraft telemetry. The USB sites and the AIS 
Vanguard were to track the S-band transponder. Telem- 
etry data on the 2048-Hz subcarrier were to be demodu- 
lated and formatted for retransmission to GSFC for 
selection and further retransmission to the SFOF. Honey- 
suckle Creek was to be backup to DSS 42 during the 
initial acquisition. 

(1) Launch phase: Bermuda fixed radar-special pur- 
pose (FPQ)-Wfixed radar, search (FPS)-l6-was 
to beacon track the DeZta second stage from acqui- 
sition to loss of signal and transmit real-time high- 
and low-speed radar data to GSFC data operations 
branch and RTCF. 

(2) Tananarive was to beacon track the Delta third 
stage from acquisition to loss of signal and transmit 
real-time, low-speed (38-character) metric data to 
GSFC data operations branch and RTCF. 

- 
Antigua subcable data. These data were all to be re- 
moted to the Complex 17 station. 

Beginning at liftoff, Building AE was to report the 

D. KSC/ULO Configuration 

1.  Launch vehicle telemetry. Building AE was to re- 
ceive link 228.2-MHz (first-stage) data with its own an- 
tennas until well after MECO. A Satellite Tracking Sta- 
tion and Complex 17 were to provide backup magnetic 
tape recording. The 234.0-MHz (second-stage) data were 
initially to be received in the same way as data on 
228.2 MHz (first-stage). However, after SECO, the Build- 
ing AE real-time stripouts were to be switched to the 

mark events. After approximately T+40 s, Building AE 
was to discontinue the voice reporting of mark events. 
Later mark events were to come from the AFETR. 

(3) Carnarvon was to beacon track the Delta second 
stage from acquisition to loss of signal and was 
to transmit low-speed (38-character) metric data to 
GSFC data operations branch. The 2250.5-MHz (third-stage) data were to be received 

(4) The AIS Vanguard was to beacon track the Delta by a Satellite Tracking Station and remoted to Build- 
third stage from acquisition to loss of signal and ing AE. These were also to be received by Building AE. 
was to transmit low-speed (60-character) metric The best source was to be used for the real-time strip- 
data to GSFC data operations branch and RTCF. outs. The Central Instrumentation Facility (CIF) at 

33-426, \/Ob. IV 185 



Cape Kennedy was to make a magnetic tape of these 
data for future analysis. 

2. Spacecraft telemetry. A Satellite Tracking Station 
was to be the prime spacecraft RF receiving station, sup- 
porting ground tests as requested in the areas of telemetry 
reception and remoting it to Building AM as well as read- 
ing out frequency and monitoring. During the launch 
phase, a Satellite Tracking Station was to receive, record, 
and retransmit spacecraft telemetry to Building AM until 
loss of signal. The CIF was to receive and record. Build- 
ing AE was to receive and record as a limited backup. A 
Satellite Tracking Station would also doppler track the 
spacecraft link through sustainer engine cutoff, supplying 
frequency shift versus time data to the master digital 
command system. 

SN Requirements and Support 

1. Actual support. Because of the early termination of 
the mission, DSS 71 was the only DSN station that pro- 
vided actual support of the Pioneer E spacecraft. The 
station performed in an outstanding manner, supporting 
all phases of the prelaunch and launch activities without 
a single fault. No equipment problems were reported 
during the pass. All DSN requirements and planned 
support for the near-earth phase are reported here. 

squirements and plans. 

a. DSS 71. The station was to obtain four or more 
spacecraft S-band frequency measurements between 
L - 4  days and L-1 day, and at least one frequency 
measurement before L-30 min. The station was to 
monitor the health of the spacecraft S-band telemetry 
data from launch to S-band loss of signal. The data were 
to be processed through the telemetry command proces- 
sor. Output to the telemetry command processor was to 
be displayed on the DSS 71 teleprinter and transmitted 
in real-time via teletype to Building AM and the SFOF. 

Prelaunch checkout, calibration, and the necessary fre- 
quency reports were to be provided by DSS 71. The 
S-band link would have been received at T-8 min and 
the station would have continued tracking as long as 
possible after launch to assess the performance of the 
link as an aid to the acquisition of the other Deep Space 
Stations. The received and demodulated telemetry data 
were to be sampled and formatted by the GOE/telemetry 
command processor at DSS 71. The teletype output was 
to be transmitted to the SFOF. The Pioneer space flight 
operations team was to assess the performance of the 
spacecraft telemetry during the first phase of the powered 
flight. 

b. Deep Space Stations 51 and 42. The stations were 
to acquire S-band spacecraft down-link (one-way) and 
telemetry demodulation not later than L + l  h; the oper- 
ation period of down-link was to be nominally 5 min. The 
purpose of this requirement was to acquire the space- 
craft signal during the transfer to heliocentric orbit and 
to assess the health of the spacecraft. The stations were 
to make the necessary spacecraft data mode changes 
and the experiment turn-ons by establishing two-way 
lock-if and when requested by mission control. This 
mode followed the 5-min one-way requirement. Mission 
control was to send commands from the SFOF via the 
up-link to the spacecraft and was to assess the health 
and orbit of the spacecraft. The duration of this require- 
ment was to extend to approximately 4 h after initial 
acquisition. This requirement was needed to assure the 
preparation of the spacecraft for scientific data collec- 
tion. The Pioneer spacecraft performance analysis and 
command team was to assess the spacecraft performance 
by analyzing the S-band telemetry data. 

Depending on the spacecraft view period, DSS 51 was 
to attempt to make initial acquisition of the down-link 
S-band telemetry signal (one-way). After acquisition, the 
sampled telemetry data was to be transmitted via tele- 
type to the SFOF for mission control. The required two- 
way S-band operation for a duration of at least 4 h after 
initial acquisition was to be provided by DSS 51. This 
plan depended on the view period of the spacecraft from 
DSS 51 after solar orbit injection. The sampled near- 
real-time science and engineering telemetry was to be 
provided to the Pioneer Project mission control team at 
the SFOF. 

The DSN planned to furnish DSS 42 as the prime 
acquisition station for the support of Pioneer E ;  thus, 
any question on the availability of DSS 51 was not to be 
a launch constraint. 

Plans also called for the MSFN Apollo prime station at 
Honeysuckle Creek to serve as a first acquisition emer- 
gency backup station. This station was to be connected 
via a microwave link with the GOE located at DSS 42. 
The continuous DSS 51 or DSS 42 tracking and data 
acquisition, including two-way lock, was to complete the 
near-earth phase of the support. 

The data received directly from the spacecraft by Deep 
Space Stations 51 and 42 was to be processed in real- 
time by the telemetry command processor. The output 
of the telemetry command processor was to be displayed 
on-site, as required, and was to be transmitted to the 
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SFOF Pioneer mission control, BRC/MQS, TRW, and 
AFETR/Building AO. 

1 

The Deep Space Network planned to use near-real- 
time trajectory information on the resultant parking orbit 
and on the third-stage/spacecraft injection and solar orbit 
supplied by the AFETR and the MSFN. These data 
would be used to update the antenna-pointing informa- 
tion of the DSN acquisition stations to make possible 
immediate reception of the S-band signal of the space- 
craft. The S-band frequency predicts for the same DSN 
acquisition stations were to be updated during the last 
phase of the prelaunch countdown by making the space- 
craft frequency measurements. This action was required 
to shorten the time necessary for the S-band carrier 
frequency search at the acquisition stations. 

Stanford 240 13 12 49 240 26 20 05 

In addition, the Pioneer Project was to provide the 
DSN with an indication of the normality of the space- 
craft injection into solar orbit in real-time. At least 2 mo 
prior to launch, the following were made avail- 
able to the Pioneer Project: the DSN preflight reference 
trajectories and a description of the spacecraft telecom- 
munication system design parameters. During all of the 
prelaunch tests, the DSN used the nominal reference 
trajectories and the nominal spacecraft S-band frequen- 
cies. The DSN made the same information available to 
the. AFETR and MSFN via the systems test and launch 
operations section of JPL located at AFETR. 

c. Ground communications. Figure A-5 shows ground 
communications support for. the near-earth phase. Fig- 
ure A-6 is a diagram of circuit requirements. 

3. Systems data analysis. 

a. Deep Space Station view periods. A summary of 
Deep Space Station view periods based on the Block I1 
trajectory was prepared for the expected launch date of 
August 27, 1969, at 2206:42. The summary is listed in 

Table A-3. A summary of view periods also was prepared 
for MSFN backup support from Honeysuckle Creek and 
Carnarvon. These are listed in Table A-4. 

b. First one-way acquisition at DSS 51. The high angle 
rates on pass 0 exceeded the specifications for DSS 51. A 
point within the nominal trajectory was to be selected at 
approximately L + 32 min, which would allow acquisition 
of the down-link signal. A plan to attempt to track the 
entire pass was formulated with DSS 51. 

c. Znitial acquisition ut DSS 42. Initial one-way acqui- 
sition at DSS 42 was not expected to present problems 
because the angle and doppler rates were within the 
DSN specification and no unusual trajectory constraints 
existed. Initial two-way acquisition was planned after 
L+60 min. The transmitter turn-on was planned at 
L+60 min. The lower 3a XA value was selected as the 
exciter voltage-controlled oscillator frequency at which 
the RF search should commence upward. 

d.  DSS predictions. Pre0ight predictions covering the 
Block I1 trajectory were generated and sent to Deep 
Space Stations 51, 42, and 12 (parking orbit predicts 
only). In-flight predictions were to be generated as follows: 

(1) For the initiel two-way acquisition predicts at 
DSS 42, Model 7A.1 of the prediction program 
was to be used. The Deep Space Station predic- 
tions were to be generated on the T-45-min fre- 
quency report. These predictions (set 01G) were 
to be used until approximately L+4 h. 

(2) The next set of predictions was to be made from 
the first-orbit solutions. The time span was L f 3  h 
to L+10 h. 

(3) The predictions for DSS 12 and Stanford Uni- 
versity were to be made from the second-orbit 
calculations from L f 9  h to L f 3 0  h. 

(4) The AFETR was to generate predictions 01N (nom- 
inal) and 01A (actual) at RTCF. 
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Ending the near-earth phase of the Pioneer E mis- 
sion, the first acquisition of the S-band down-link signal 
was to be made by DSS 51. This station was to see the 
spacecraft at L+32 min, 43 s for approximately 15 min. 
Two min prior to the Johannesburg set, Carnarvon was 
to get the visibility of the spacecraft signal. This station 
was scheduled to furnish a demodulated Pioneer telem- 
etry bit stream via high-speed data lines that was to be 
transmitted via GSFC to SFOF and processed by the 
7044 computer. This real-time MSFN spacecraft telem- 
etry demonstration was to be supported on an engineer- 
ing basis. 

The rise of the first official acquisition station (DSS 42) 
was to be at approximately L +50 min. The Pioneer Project 
planned to evaluate one-way telemetry data for a dura- 
tion of 5 to 15 min. At L+ l h, the Project required estab- 
lishment of a two-way lock in order to send important 
commands to the spacecraft. This critical two-way telem- 
etry command and tracking activity was to last approxi- 
mately 4 h. 

After the Project validated the orientation of the spin 
axis of the spacecraft, the scientific experiments were to 
be turned on to begin making the measurements of the 
fields and particles within the magnetosphere of the earth. 

At approximately L+6 h, 30 min, the DSS 42 view 
period was to end with DSS 51 taking over the 
Pioneer E support. Then DSS 51 was to begin operations 
with DSS 42 in a three-way mode after L+3 h, 20 min, 
with DSS 51 in view of Pioneer E until L+14 h, 40 min. 
Deep Space Station 12 was to attempt to lock onto the 
spacecraft signal at L+13 h, 18 min. The DSN was to 
make DSS 12 available for the Type I1 orientation ma- 
neuver during the second Goldstone pass. Because of 
the earth-lingering trajectory of Pioneer E ,  there was a 
possibility this maneuver would be made one week after 
launch. The DSN was committed to furnish full-time 
24-h/day support coverage during the first 30 days after 
launch. 

Depending on the available facilities and manpower, 
the DSN planned to continue the support of the Pioneer E 
mission from L + 31 days by furnishing at least two passes 
per day. If the DSN was constrained by limited resources 
to provide this support from the DSN stations, imme- 
diate attempts were to be made to obtain the support 
from the MSFN stations. 

The Pioneer E spacecraft and the TETR-C satellite 
were launched at 2159:00.003 at the opening of the win- 
dow on August 27, 1969, from Complex 17-A, Cape 
Kennedy, Fla. A Delta DSV-3L was the launch vehicle. 

A local thunderstorm occurred at T - 1 h, 11 min, and 
the gantry was replaced around the launch vehicle until 
the storm abated; however, the countdown progressed as 
planned. A delay was caused in one of the receiver 1 
frequency measurements, but the L + 6-h frequency 
measurement would have been used if necessary to 
avoid a delay. At T-9 min, all tracking data analysis 
elements were reported green and fully able to support 
the .launch. 

. Power ~u~~~~ 

During the launch countdown, the spacecraft was 
supplied with external power to conserve the spacecraft 
battery in case of orientation difficulties after injection. 
The spacecraft was put on internal power (battery) ex- 
clusively at L-5 min. Also, because of the necessity to 
conserve power, the spacecraft was launched with 
TWTs off. 

During the final stages of the launch operations count- 
down, the transmitter driver was commanded to low-gain 
antenna 2 for the transmission of telemetry data. The 
spacecraft receiver 2 was commanded to low-gain an- 
tenna 2 for receiving commands, and the receiver and 
transmitter driver were set for operation in the coherent 
mode. The undervoltage protection system was disabled 
so that the TWT would not be disconnected from the 
bus when, because of insufficient power from the solar 
array, the voltage dropped after the TWT was auto- 
matically turned on at separation of the spacecraft from 
the launch vehicle. The equipment converters were oper- 
ating, but the power for the orientation electronics was off. 

Because scientific instruments were not required to be 
on during the launch phase, the spacecraft was launched 
with the telemetry system in the engineering data format 
(Format C) and a data rate of 64 bits/s. 

On a best-effort basis, the MSFN provided an addi- 
tional downrange coverage during the boost phase. The 
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MSFN station configuration modification that established 
the real-time telemetry coverage at Carnarvon was inte- 
grated in several MSFN downrange stations at NASA/ 
KSC just prior to launch. This support coverage was 
committed for launch on a best-effort basis only at 
Merritt Island, Grand Bahama, Antigua, Ascension, and 
the AIS Vanguard. These data, received at JPL/SFOF 
via high-speed data lines in real-time, represent the 
only spacecraft data collected except for the DSS 71 data 
received via teletype. 

The initial activity at JPL/SFOF consisted of estab- 
lishing and checking voice and teletype circuits, the 
assessment of spacecraft conditions, with particular em- 
phasis on the rest frequencies of the receiver and trans- 
mitter, and initializing of all computer facilities. 

of ~ ~ i g ~ t  

Analysis of the data received from DSS 71 and the 
downrange MSFN coverage indicated the spacecraft was 
operating normally until the destruct signal terminated 

the flight mission. The spacecraft power parameters in- 
dicated the addition of solar-generated power from the 
illuminated solar array following the shroud jettison. 
The temperatures began to change. The flight path 
altered as the vehicle turned southward. This in turn 
altered the sun look angle to the solar array. The power 
parameters began unexpected trends and the destruct 
was commanded at L+483 s. Loss of hydraulic pressure 
in the first stage had caused a faulty roll reference, re- 
sulting in an improper flight path for the second stage. 

The destroyed launch vehicle, Pioneer E spacecraft, 
and TETR-C satellite impacted in the Atlantic Ocean at 
ll"30'14'' N lat and 55'42'6'' W lon. 

. Trajectory Sensitivity 

The Pioneer E trajectory was extremely sensitive to 
the time of launch during the 16-min available launch 
window. Figures A-7 and A-8 illustrate the nominal tra- 
jectories launched 5 min apart in the launch window. 
Both trajectories satisfy the 13.2 X lo6 km requirement. 
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